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THE UPPER ATMOSPHERE 


Bv' a. M. B. DOBSON, D.So., F.R.S. 

Reader in Meteorology in the VniteteUy of Oxford 


Recent progress in the investigation of the upper regions of the 
Earth’s atmosphere has been mainly along two different lines. 
The first is connected with what may be called the meteorological 
state of the atmosphere, namely its temperature, density, etc., 
while the second has to do with its electrical characteristics. Many 
balloons carrying meteorological instruments have been sent up, 
but the great majority of these have failed to reach a height of 
26 kilometres. In a few cases where specially large balloons were 
used a height of 30 kilometres has been reached and a balloon 
sent up in Russia has recently been reported to have reached 40 
kilometres. In order to obtain information about the atmosphere 
at still greater heights it is necessary to employ indirect methods 
of exploring the atmosphere. Fortunately, several such indirect 
methods are available and it is our present purpose to describe 
them and the results that have been obtained from them. 

Meteorological Conditions below 20 KilombtrEkS. —Prom 
the large number of sounding balloons which have been sent up 
in many countries carrying recording instruments the general 
meteorological conditions of the air up to 20 kilometres are now 
fairly well known. In the lower part of the atmosphere the tem¬ 
perature falls with increasing height at a rate of about 6° C. for 
every kilometre rise. The exact rate at which the temperature 
falls differs from day to day and may be different at one height 
from that at another height. The fall of temperature with height 


does not, however, continue indefinitely, but at some fairly well- 
defined height it stops and the temperature from this point upwards 
is found to change but little as the balloon ascends to its greatest 
height. The height where the temperature ceases to fall—^known 
as the Tropopause—is usually between 8 and 14 kilometres in 


Europe. 
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The results from recording balloons thus show that the atmo¬ 
sphere is divided into two parts by its thermal structure ; the 
lower part, in which the temperature falls with increasing height, 
is known as the Troposphere and the upper part as the Strato¬ 
sphere, The conditions in these two regions do not remain constant 
from place to place nor from day to day. Over the Equator the 
lower air is naturally warmer than that over the Polar regions, 
but over the Equator the Troposphere extends to an average height 
of some 17 to 18 kilometres. As the temperature is falling at a 
rate of some 6"^ C. for every kilometre throughout all this height, 
it is very low by the time the Stratosphere is reached, being about 
80° C. below zero. In Polar regions the Stratosphere comes rela¬ 
tively low down and begins at a height of 6 to 8 kilometres, with 
the result that though the temperature of the air at ground level 
is very low there is no great difference between the air at the sur¬ 
face and that in the Stratosphere and the latter has a temperature 
of about 40° C. below zero. The temperature of the Stratosphere 
over the Polar regions is thus much warmer than that over the 
Equator, and as there is little change of temperature with height 
in the Stratosphere we find the rather surprising result that at a 
height of 16 to 20 kilometres the air over the Polar regions is much 
warmer than that at the same height over the Equator. Indeed, 
the coldest air in the atmosphere is probably that at a height of 
18 kilometres over the Equator. 

The conditions of the air in both the Troposphere and Strato¬ 
sphere also vary from day to day, and these variations are closely 
associated with the meteorological situation. When a well-defined 
depression has just passed across the country it will be found that 
the Troposphere is colder than usual, that the Stratosphere is 
abnormally low and that its temperature is above the average. 
On the other hand, when a well-marked anticyclone covers the 
country the Troposphere will be warm, the Stratosphere cold and 
the Tropopause high. It will be seen that these changes are similar 
to the changes with latitude, so that the conditions in middle 
latitudes in the rear of a depression are similar to those in Polar 
regions and the conditions in an anticyclone are similar to those 
in Equatorial regions. 

Meteorology of the Upper Atmosphere. —What has been 
described above has now been known for several years, but until 
recently little was known about the conditions above 20 kilometres, 
and it was usually supposed that the temperature would remain 
roughly constant up to very great heights. This view was ques¬ 
tioned when the results of observations of meteors passing through 
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the upper atmosphere were used to give a rough idea of the tem¬ 
perature at these heights. Contrary to expectation, it appeared 
that the temperature rose again above the Stratosphere and became 
as warm or warmer than the air at ground level. These results 
were, however, very rough, chiefly because it was not possible to 
get accurate measurements of the brightness and speed of the 
meteors. 

The idea that the air at a height of some 50 kilometres might 
be warm was found to fit in with the observations of sound heard 
at a great distance from its source, and such observations have now 
been used to give us a much better knowledge of the temperatures 
at heights of between 40 and 70 kilometres above the surface. 
WJien a large explosion occurs, the sound is heard for many miles 
around, but not to such great distances as might be expected. 
That the sound is not heard farther away is largely due to the 
fact that sound travels faster in warm air than in cold air. Since, 
in the lower atmosphere, the temperature falls with increasing 
height, sound travels faster through surface air than through the 
air a little higher up. Thus the sound waves near the surface run 
ahead of those above, with the result that the sound ray is bent 
upwards, away from the ground. The bonding of sound waves 
upwards is well seen in the fact that sounds in a valley are often 
heard much more clearly on the hills on either side than at places 
the same distance away in the bottom of the valley. Now, in the 
cose of very large explosions it is frequently found that while the 
sound cannot be heard for more than 20 or 30 miles round the 
explosion, it is heard again at places very much farther away, 
perhaps a hundred miles from the explosion, and often heard quite 
loudly. Such cases as the firing of salvos by the Fleet often show 
this phenomenon, and in a recent case when the Fleet was off Port¬ 
land Bill the firing was heard as far away as Surrey and Oxford¬ 
shire but not at many intervening places. 

The sound waves which are heard at these great distances are 
found to have taken some two minutes longer over their journey 
than they should have done had they travelled direct through the 
lower atmosphere. From this and the fact that they are not 
heard at intermediate distances, it seems clear that the sound has 
travelled up into the upper atmosphere and then been deflected 
back to the ground. This curious behaviour had been known for 
a long time and several explanations had been suggested to account 
for the fact that the sound is deflected back to earth by the upper 
air. One suggestion was that the upper air was largely composed 
of hydrogen, and since it is known that sound travels faster in 
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hydrogen than in oxygen and nitrogen, this would account for the 
downward bending of the sound rays. None of these explanations, 
however, carried conviction until Dr. Whipple pointed out that if 
the temperature rose again at very great heights, as was suggested 
from the meteor results, then the sound rays would be bent down 
on entering this upper warmer re^n in just the same way as 
they are bent upwards by the fall of temperature in the air near 
the ground. 

This last explanation seems quite satisfactory and its impor¬ 
tance is that it gives a method of measuring the temperature of the 



Fio. 1.—The passage of sound waves to great distances. {AJter Whipple.) 

The (Uaia'am represents & vertical section of the atmosphere and tdiows two paths by which sound 
waves may travel to great distances via the upper atmosphere. The source of the sound is at the bottom 
left-hand corner. The sound waves are bent upwards In Die lowest region and downwards in the upper 
region owing to Die opposite temperature gradients in these regions. In the middle region of constant 
temperature the sound travels straight. 


air at the great heights reached by the sound waves. By using 
special microphones instead of the ear it is possible to detect the 
waves from the firing of one big gun at a distance of a hundred 
miles or more. It is easy to measure the total time taken by the 
sound to travel along its path to the upper atmosphere and back, 
and further, by a suitable arrangement of three microphones at 
,the receiving station, it is possible to measure the angle at which 
the downcoming sound ray strikes the earth’s surface. Given such 
observations, it is not difficult to calculate most of the details about 
the path travelled by the sound, such as the maximum height 
above the ground and the speed of sound at that height. Then, 
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since the speed depends on the temperature of the air, it is possible 
to estimate the temperature of the atmosphere at these great 
heights. 

Not infrequently two or more sets of downooming waves are 
recorded at a great distance which all come from one single explosion, 
the waves being separated from each other by several seconds and 
the angle at which they strike the earth being different in each case. 
In such cases it is clear that the waves have travelled through the 
upper atmosphere by different paths, reaching different maximum 
heights before finally converging on to the recording microphones. 
Such a complication instead of obscuring the results only gives 
increased information, since each set of waves can be treated separ¬ 


ately and the temperature can be 
found for the different heights to 
which they have penetrated. Thus 
we get not only the temperature at 
one height but that at two or more 
heights and so the rate of rise of 
temperature with height. This rise 
of temperature is found to begin at a 
height of about 35 kilometres and is 
at a rate of about 6° C. per kilometre 
of height and is therefore roughly the 
same as the rate of decrease of tem¬ 
perature with height in the Tropo¬ 
sphere. It is not yet certain how far 
this increase of temperature with 
height continues, but it appears that 
the temperature has risen to about 
100® C.—the boiling-point of water— 
at a height of 60 to 70 kilometres and 
that it is still higher above. 



Fia. 2.—Probable distribution of 
temperature with height over 
England. 

The contiQuouR line flrom the uonnd level to 
20 km. sliown the Avermre temp^ture m 
obtained nom balloon ARoents. The dotted 
line lodicates the probable tempemture 
a» obtained Arom iound waves. 


Up to the present time most of the observations of the upper 
air temperatures by means of sound waves have been made in 
Europe, but it seems now to be established that the upper warm 
region extends over the Equator at much the same height as in 
Europe, while it has been found in Polar r^ons also. When it is 
possible to accumulate more observations it will be interesting to 
determine the diurnal and annual variation of temperature at these 


great heights, as well as to see if there are day to day changes in 
temperature associated with weather conditions similar to those 
foimd at lower levels. Unfortunately, the cost of special explosions 
is high and most of the observations made in this country have 



6 


SCIENCE PROGRESS 


utilised the sound from big guns which were fired for other pur¬ 
poses. It is a curious circumstance, probably due to wind at great 
heights, that the sound is hardly ever heard to the west of the 
source in winter nor to the east of it in summer. 

Cause of the Warmth at Great Heights. —The temperature 
of the air in the Troposphere, where there is constant mixing of 
the air between various levels, is governed largely by the supply 
of heat constantly received by contact with the warm ground. In 
the Stratosphere, and above, the conditions are different and there 
is little or no mixing with the air below. Here the temperature 
depends on the absorption and emission of radiation. Radiation 
from the sun—largely in the form of visible light—passes inwards 
through the atmosphere and an equal amount of energy passes out¬ 
wards from the earth in the form of dark heat radiation. Only 
certain gases in the atmosphere take part in this absorption and 
emission of radiation ; nitrogen, for example, is nearly transparent 
to all the tyjjes of radiation passing through the atmosphere, but 
oxygen, ozone and water vapour strongly absorb and radiate certain 
particular types, being transparent to others. Thus oxygen strongly 
absorbs the radiation of the very shortest wave-lengtljs received from 
the sun, namely the extreme ultra-violet radiation. Ozone strongly 
absorbs radiation of rather longer wave-lengths though still in the 
invisible ultra-violet region of the spectrum, and also absorbs a 
little in the yellow-green, and again a little in the long-wave infra¬ 
red region. Oxygon and ozone together absorb about 6 per cent, 
of the total energy of the sun coming to the earth, and since the 
absorption is very strong this energy is absorbed by the air at a 
very great height in the atmosphere. Water vapour is nearly 
transparent to all the visible and ultra-violet radiation received 
from the sun, but strongly absorbs most of the long-wave infra-red 
radiation omitted by the earth. 

The radiation from all bodies at temperatures below red heat 
takes the form chiefly of infra-red radiation. Oxygen and ozone 
can emit little radiation of this kind, so that the loss of heat by 
emission of radiation is chiefly due to the water vapour present. 
If only water vapour were present it would absorb little energy 
from the sunlight but would absorb the infra-red radiation emitted 
by the earth and would bring the air to a temperature of about 
• 50° C. below zero, at which temperature it would be absorbing and 
emitting equal amounts of radiation so that its temperature would 
remain constant. It is this process which chiefly governs the tem¬ 
perature of the Stratosphere, as oxygen and ozone do not play 
any appreciable part here, because all the solar radiation which 
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they could have absorbed has already been absorbed much higher 
in the atmosphere. 

Passing now to the extreme upper limits of the atmosphere we 
come to the region where oxygen and ozone absorb the 6 per cent, 
of the sunlight mentioned before. This amount of energy is very 
large and at these heights there is not much water vapour, so that 
the atmosphere cannot easily lose heat by radiation. The result 
naturally is that the temperature of the air rises very much until 
the small amount of water vapour present is able to emit as much 
energy as is absorbed. Thus it will be seen that the actual tem¬ 
perature at any level depends on the amount and character of the 
radiation absorbed and radiated away and therefore on the relative 
amounts of water vapour and oxygen and ozone which are present. 

If we knew the amount of oxygen, ozone and water vai)our 
present at every height in the atmosphere it would be possible to 
calculate the temperature at all levels. The vertical distribution 
of oxygen can be assumed without any great error and the distribu¬ 
tion of the ozone has been measured, but we are still without reliable 
knowledge of the amount of water vapour at heights above 20 
kilometres. Assuming various distributions of these gases Dr. 
Gowan has calculated what would be the temperature of the air 
at great heights. His results show that there should be a marked 
rise of temperature of the air in the region about 40 kilometres, 
agreeing reasonably well with the actual temperatures found from 
sound-wave observations. 

The Ozone in the Atmosphere. —Both oxygen and ozone are 
responsible for causing the air to be warm at great heights, but 
the effect of oxygen is greatest in the upper parts of the warm region, 
while the effect of the ozone is greatest in the lower parts of that 
region. A point of great interest is that while the amount of oxygen 
is constant, the amount of ozone varies greatly. Further, these 
variations in the amount of ozone are found to be closely associated 
with the weather conditions as seen on the weather maps for ground 
level. The total amount of ozone in the atmosphere is very small, 
but since it absorbs the ultra-violet part of sunlight very strongly 
its effects are of great importance. How very small the amount 
of ozone is may be seen in the following way : if all the air in the 
atmosphere were formed into a layer of uniform density, equal to 
that of surface air, there would be a layer 8 kilometres deep. If 
all the oxygen were separated from the other gases and formed 
into a similar layer by itself, it would make a layer about 1,700 
metres deep. If the same were done for the ozone in the atmosphere, 
we should find a layer only about 3 millimetres deep on the average. 






Fia. 3.—Annual variation of ozone. 

Tbe curves show the smooth annual variations in Uie total ozone oonteut of the atmosphere over 
different parts of the world. The iiolnts represent the moan monthly observed values. Kote Uiat the 
amount of ozone Is large In spring and small In autumn In both hemispheres. 


[Flgnres 8, 4, 6 and 6 are reproduced from the Proe^^Mngi of (As Roj^l Soeietp by permfawlon of 
the OounoU.) 


ozone to the other gases increases with height until the maximum 
proportion is found at a height of about 35 kilometres. 

Besides varying with the weather conditions, the amount of 
ozone in the atmosphere has a well-marked seasonal variation and 
also varies from one part of the earth to another in a regular manner 
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according to the latitude. Both these effects are shown in Figs. 
3 and 4, from which it will be seen that the amount of ozone is 
generally large in the spring and small in the autumn. This annual 
variation increases from almost nothing near the Equator to a 



Fio. 4.—Variation of ozone with latitude. 

The curves dopoiid on the same observations as were used for Fig. 3, but now arranged to show the 
variation of the osone content with laUtude. Kote the rapid Inorease towards polar regions in spring. 


large range in high latitudes. Moreover, the total amount of ozone 
is, in general, least at the Equator and greatest in high latitudes. 

It is, however, the changes in the ozone content of the atmo¬ 
sphere with weather conditions that is of the greatest interest. 
Figs. 6 and 6 show a typical depression and anticyclone, the thin 
continuous lines being isobars. The thick broken lines indicate the 
ozone distribution in these two pressure systems. The figures do 
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not relate to any one particular case, but are the result of measure¬ 
ments on a large number of occasions. Any one particular depres¬ 
sion or anticyclone may show minor diflFerenoes, but the same general 
features are found in nearly every case. 

The amount of ozone in the atmosphere is measured by spectro¬ 
scopic observations of sunlight, in which the amount of the absorp¬ 
tion of the ultra-violet light by the ozone is determined. To obtain 
the results used to constnict Figs. 5 and 6 a number of spectro¬ 
graphs were made and distributed over Europe and spectra were 
taken of sunlight on every day that the sun was visible. Naturally, 
on many of the days when, from the meteorological conditions, we 



Fig. 6.—Ozone in cyclonic areas. 

The contlnuouB Hne« are drawn to represent a typical cyclonic depression of middle latitudes. 
The thick broken lines show the distribution of ozone: plus values show tlint the ozone is above the 
normal, while minus values show that it Is bedow the normal. Note the marked concentration of ozone 
t/O the west and south-west of the (centre of the depression. 

should most have liked to have measurements, the sun was com¬ 
pletely hidden by clouds and observations were impossible. More 
recently another instrument has been made by which the amount 
of ozone can be obtained on almost any day with great ease. 
Unfortunately these new instruments are expensive and it has not 
yet been possible to make a number of them and to have measure¬ 
ments made regularly at a number of places in Europe in order 
, to study in detail the connection between the amount of ozone and 
the weather conditions. Such a study might reveal the real nature 
of this connection and be of great value in weather forecasting. 

Already we know that the amount of ozone is very closely associ¬ 
ated with many meteorological conditions in the upper air. When 
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the Troposphere is warm the ozone content is usually high and vice 
versa. It is also closely connected with the pressure of the air at 
great heights, the amount of ozone being small when the pressure is 
high. The closest connection yet found is between the amount of 
ozone and the density of the air at a height of about 18 kilometres, 



Fia. 6.—Ozoiio in anticyolonic areaR. 

Thr contInuouH and dotted linen artj as for Fig. 5. Note that Uio ozone values are low over the 
whole art^H. 


or—what is nearly the same thing—the amount of heat the air has 
absorbed. The reason for those connections is not known at present, 
but they may clearly have an important bearing on meteorology 
when they are thoroughly understood. At present further progress 
is largely dependent on money with which to make the necessary 
instruments. 

Elkcteical Charactebistics of the Upper Atmosphere. 

Results from Terrestrial Magnetism .—The first suggestion that the 
upper atmosphere was a good conductor of electricity resulted from 
a study of the magnetic field of the Earth. Accurate measure¬ 
ments of the strength and direction of the magnetic force of the 
Earth show that this force is not constant but varies both in strength 
and direction. These variations which are only small and require 
delicate instruments to show them, can be divided into two quite 
distinct classes. In the first class are the regular diurnal and annual 
variations, while in the second are much larger irregular fluctua¬ 
tions which occur occasionally and which, when very large, are known 
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as magnetic storms. While the main permanent magnetism of the 
Earth appears to have its origin within the Earth, these variations 
are due to currents very high above the Earth’s surface. 

One of the simplest magnetic elements to measure is the declina¬ 
tion, or the angle between the geographical and magnetic north. 
A sensitive compass needle can easily be made by suspending a 
bar magnet by a single thread so that it is quite free to turn in 
any direction. If a small mirror be attached to it and a beam of 
Ught reflected by the mirror on to a scale, very small movements 
of the magnet can be seen. With such an instrument it can bo 
shown that on many days the magnet goes through a regular move¬ 
ment which is repeated each day, reaching a maximum in one direc¬ 
tion in the morning and a maximum in the other direction in the 
afternoon, while it moves but little through the night. Such days 
are known os magnetically quiet days. The total movement of 
the magnet is q\iite small, being only about a sixth of a degree in 
summer and only about ^^^th of a degree in winter in England. 
If other characteristics of the Earth’s magnetic field are measured, 
such as the total intensity of the field or the angle between its 
direction and a horizontal surface, the same type of effects will be 
observed. 

On other days there will bo pronounced irregular variations of 
the magnetic force which affect the whole world. These latter 
fluctuations are much stronger in Polar regions than in low latitudes 
and there is now little doubt that they owe their origin to streams 
of charged particles shot out from the sun. The reason that they 
are felt more in high latitudes is that the magnetic field of the 
Earth deflects the charged particles so that they strike the earth 
only in the higher latitudes, where they produce a visible effect, 
namely the aurora. 

Both the regular and irregular variations of the earth’s magnetic 
field are connected with sunspots. Sunspots are dark markings on 
the surface of the sun which can easily be seen with a small telescope, 
while a large spot may occasionally be seen with the eye. The 
exact nature of sunspots is at present unknown, but they indicate 
in some way the activity of the sun, and go through a fairly regular 
cycle of about eleven years length. Thus, in some years there may 
be a large number of spots so that nearly every day one or more 
• spots can be seen. Then the number will decrease during the next 
years and about six years afterwards no spots may be seen for many 
days running. Later still the spots will become more frequent and 
in another five years or so will have reached their maximum. Sun¬ 
spots are carried across the sun’s disc as the sun rotates on its axis, 
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so that a spot which lasts sufficiently long will reappear every 26 
days, this being the time taken by the equatorial part of the sun 
to rotate, as seen from the Earth. 

The connection between the irregular variations of the EJarth’s 
magnetism and sunspots is seen in the fact that magnetic disturb¬ 
ances tend to recur at intervals of 26 days. Also the number of 
magnetic disturbances increases during those years when there are 
ittany sunspots. Certain individual magnetic disturbances seem to 
he associated with definite spots. 

The regular changes in the Earth’s magnetic field also show a 
connection with sunspots. Thus, the average amplitude of the 
regular daily swing of the compass needle for any year is most 
closely associated with the average number of sunspots for that 
year. We believe that the regular diurnal magnetic variations are 



The continuouH Hue ehown the ohanRett in tiie mean annual hunspot number, while tho dotted line 
ahowa the mean annual range of the dally awing of the oompaaa needle. Tlie latter may be taken to 
indicate aiao the conductivity of the upper atmoaphere. Note that the eleven-yoar period in both oaaea 
is markedi, but not quite regular. Note aiao the oioae connection between tlie two phenomena. 

connected with changes in the conductivity of the upper air and 
that this conductivity is due to the action of the sun’s ultra-violet 
light on the upper air, whereby free electrons are produced. There 
is a small lunar diurnal variation of the eartli's magnetic field wluch 
is apparently due to tides set up by the moon in the upper air. 
These tides should have no effect on the magnetic field unless the 
air is a conductor, and it has been shown that during the night 
when sunlight is out off, the lunar tides have no effect, their 
presence only being seen during the hours of daylight. 

Reatdtf from Radio Meaaurements .—While the study of terrestrial 
magnetism gave the first indication that the upper air was an 
electrical conductor, our knowledge has been rapidly extended in 
recent years by the observations of radio waves. It would be 
impossible to send wireless signals to distant parts of the Earth if 
the wireless waves were not bent round to follow the Earth’s sur¬ 
face. The fact that wireless waves are bent round the Earth is 
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due to the existence of the electrically conducting region at a great 
height, which bends these radio waves downwards in much the 
same manner that the upper warm region bends the sound waves. 
If a very short signal be sent out from a transmitter, a neighbouring 
receiver will receive the signal by the direct path along the ground 
and shortly afterwards may receive another signal by means of 
waves which have travelled straight up into the atmosphere and 
have been reflected back again by the upper conducting region. 
Since we know how fast wireless waves travel, it is possible to 
measure to what height they have been before being reflected bac;k 
again. 

The conductivity of the upper atmosphere is due to the presence 
of free electrons, formed, as we have said, by ultra-violet light from 
the sun The concentration of these electrons can also be found 
because it requires more electrons to reflect back a short wave¬ 
length signal than a long wave-length signal. If a series of tests 
are made in which the wave-length of the signal is gradually reduced, 
we find that at first the height to which the signal goes before 
reflection, slowly increases. This is because it has to go somewhat 
higher before it reaches a place whore there are enough electrons 
to reflect it, showing that the concentration of electrons increases 
with height. But as the wave-length of the signal is still further 
reduced, something new is found, for instead of the signal being 
reflected a little higher, it is now reflected at a very much greater 
height and no signals are reflected from the intermediate lieight. 
This shows that there are two regions where the concentration of, 
electrons is high. The first is at a height of about 100 to 150 kilo¬ 
metres and the second from 200 to 400 kilometres, according to 
conditions. 

Such experiments with radio waves show that the number of 
free electrons in the upper atmosphere—and hence its conductivity 
—varies greatly through the day. During the night the lower con¬ 
ducting layer (100 to 150 kilometres) is largely absent since the 
electrons quickly attach themselves to air molecules and no more 
are formed. About sunrise the number of electrons rapidly increases 
and remains large through the day. As would be expected the 
number of electrons present during the daytime is greater in summer 
than in winter. The daily variations of the number of free electrons 
in the upper conducting region (200 to 400 kilometres) are less 
regular than those of the lower region. During the night the free 
electrons here also attach themselves to air molecules so that their 
number decreases, but more slowly than those lower down because 
of the reduced density of the air. Shortly before sunrise on a 
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winter day a radio signal may have to go to a height of 400 kilo¬ 
metres before it is reflected back. In such conditions signals of 
still shorter wavelength may not find enough free electrons at any 
height and consequently will not be reflected back at all. 

While much of the conductivity of the upper atmosphere is due 
to electrons formed by the sun’s ultra-violet light, the charged 
particles from the sun, which cause magnetic storms, also form free 
electrons. The electrons formed by this means are found largely 
at a height of a little above a hundred kilometres, i.e. at much the 
same level as the lower layer formed by sunlight. In the middle 
of the night when ultra-violet sunlight is cut off, a strongly con¬ 
ducting region may suddenly bo formed at a height of about 100 
kilometres at times of magnetic disturbance. 

The charged particles which cause magnetic storms travel from 
the sun to the earth much more slowly than light, hence it has 
been possible, at the time of an eclipse, to establish definitely that 
ultra-violet light and not charged particles is responsible for most 
of the conductivity regularly present in both the 100 to 160 kilo¬ 
metre and probably also the 200 to 400 kilometre region, in tem¬ 
perate latitudes. In Polar regions, as might be expected, the effect 
of charged particles is much more marked and much more frequent. 

It has been suggested that the electrical conductivity of the 
upper atmosphere is dependent to some extent on the weather 
conditions at the Earth’s surface: also that thunderstorms play 
an appreciable part. We are not yet, however, in a position to 
state anything very definite about this and further observations 
are needed. 

AurorcB .—While observations of the aurorae have, as yet, pro¬ 
vided little additional information about the state of the upper 
atmosphere they must be mentioned since they are clearly due to 
the same stream of charged particles which causes magnetic storms. 
The aurora is very closely related to magnetic storms, bright aurorae 
being usually seen at times of magnetic disturbance. 

Prom the work of Professor Stormer in Norway and others, we 
now know accurately the heights of aurorae. The heights are 
measured by taking simultaneous photograplis of the aurora from 
two distant stations. It is found that while the tops of the rays 
may go up to great heights—400 kilometres or more—there is a 
much sharper boundary at the bottom, at a height of about 100 
kilometres. It will be remembered that radio measurements showed 
that the oonductivity due to charged particles was most marked 
at just about this level. 
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1. Ikthoddctory 

At the beginning of 1934 about 40 elements were known to be radio¬ 
active ; of these all except three, potassium, rubidium, and sama¬ 
rium, had atomic numbers greater than 80. The radioactivity of 
these elements was a natural phenomenon : all specimens of a 
particular element, no matter what their origin, decayed at a 
characteristic rate and gave characteristic products. This position 
has undergone a remarkable change within the last eighteen months. 
By suitable treatment it has been found possible to stimulate radio¬ 
activity in most of the common elements from carbon with atomic 
number 6 to uranium ^ with atomic number 92. These new activities 
can be excited at will in inactive specimens of an element and, in 
many cases, one kind of atom can be made to yield different radio¬ 
active products by suitable changes in the agents used to excite the 
activity. Hence it seems legitimate to describe the new phenomena 
as “ artificial radioactivity,” although it has often been convenient 
to use the radiations from natural radio-elements as exciting agents. 

Radioactivity is a nuclear change and the constancy of the 
rate of decay of the natural radio-elements over a wide range of 
temperatures shows that a very large amount of energy is needed to 
affect the behaviour of a nucleus. Since nuclei are very small this 
energy must also be concentrated into a small volume. The most 
concentrated form of energy available in the laboratory is furnished 
by a-particles, and it was by the aid of these particles that nuclei 
were first disintegrated. In 1919 Rutherford first showed that 
nitrogen atoms could be disintegrated ; the nuclear reaction which 
took place was expressed by the equation ® 

1 Uranium is excited by neutrons to give a )8-ray activity which is super¬ 
imposed on its natural a-ray activity. 

* In this and latc^r equations the nuclear charge is indicated by the 
subscript number on the left of the symbol and the nuclear mass by the 
superscript number on the right. 
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The protons were emitted with a high velocity and were detected by 
the scintillations they produced on impact with a screen of zinc 
sulphide. Later Rutherford and Chadwick found that bombardment 
with a-particles of most of the light elements from boron to potassium 
gave an emission of fast protons. In 1925 Blackett succeeded in 
photographing the disintegration of nitrogen atoms in the Wilson 
cloud chamber and from measurements of the tracks showed that 
the equation given above represents the reaction accurately. 

During the last ten years a large amount of information about 
nuclear processes has been obtained from experiments of this kind 
using a-particles and later, artificially accelerated protons and 
deuterons as projectiles. In all the cases studied the interaction 
between the colliding nuclei took place in a time which was too short 
to measure and the products of these reactions were stable elements. 
Thus Blackett’s photographs of the nitrogen disintegration showed 
that the proton is emitted within lO"”*^ second of the impact of the 
a-particle and that the product does not disintegrate within a 
time of the order of 10 * second. It is now known, of course, 
that is a rare but stable isotope of oxygen. 

In 1932 two new fundamental particles were discovered, the 
neutron by Chadwick and Joliot, and the positive electron by 
Anderson and by Blackett and Occhialini. Both have played an 
important part in the discovery of artificdal radioactivity. The 
positron was first observed during the study of cosmic rays ; it was 
soon shown, however, that positrons are produced when y-rays are 
absorbed by heavy nuclei, e.g. lead, and by the impact of a-particles 
on boron and aluminium. The latter reaction was studied by Curie 
and Joliot, who found that neutrons and positrons were produced 
in addition to the protons noted by Rutherford. In 1934 Curie 
and Joliot found that the positron emission did not cease at once 
when the exciting source of a-particles was removed but decayed 
slowly, following an exponential law. With aluminium the activity 
fell to half-value in 3-25 minutes, with boron the half-life was 
14 minutes. It was also found that the activity increased expo¬ 
nentially to a limiting value when inactive specimens of boron and 
aluminium were exposed to a-partioles for increasing periods of 
time. It was clear from these results that the products emitting 
positrons were unstable elements which decayed in a measurable 
time, in other words radioelements produced by the action of 
a-particles. 

This fundamental observation was quickly followed by the 
discovery of other artificial radioactivities excited by a-rays or by 
swift protons or deuterons. A few months later Fermi found that 
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the neutron was a most powerful agent for exciting stable nuclei to 
give radioactive products and by this method alone more than 
40 new radioelements have been obtained. The study of this 
large number of new activities is still only in its initial stages, but 
it has already given us a great deal of information about nuclear 
processes. 

2. Detection and Measurement of Feeble Radio¬ 
activities 

The distinction between radioactivity and disintegration in a 
time which is too short to measure has probably no fundamental 
significance. Both involve the disruption of a nucleus and wo are 
famiUar with a-ray changes of the natural radioelenients which have 
very small half-lives. The discovery of artificial radioactivity has, 
however, great practical importance, since a radioactive element 
with a measurable rate of decay can be detected and identified by 
comparatively simple experimental methods. 

All the artificial radioelements so far examined emit positive 
or negative electrons, and no case has yet been found in which a 
heavy particle (a-ray or proton) is the product of a disintegration 
which takes place after a measurable period of time. The intensity 
of the activity depends, of course, on the strength of the exciting 
sourcxj. With 100 millicuries of radon in contact with beryllium as 
neutron source a few elements can be excited to an activity which 
is about one-tenth that of uranium oxide in equilibrium with uranium 
X, but most elements give much weaker activities. 

The instruments available for studying these feeble activities 
are the ionisation chamber, the Wilson cloud chamber, and the 
Geiger-Muller tube counter. Special forms of ionisation chambers 
in conjunction with sensitive electrometers have been used to 
study some of the stronger activities, and the Wilson chamber in a 
magnetic field has given valuable information about the sign of the 
particles and their energy. The Geiger-Muller tube counter is, 
however, the instrument which has played the most important part 
in this work, since it gives a very high sensitivity and enables obser¬ 
vations to be made rapidly and continuously. A suitable form of 
this instrument consists of a cylinder about 1*5 cm. in diameter and 
8 cm. in length, made of meta^ foil thin enough to be penetrated by 
the /?-rays. The ends are closed by gas-tight insulating end-pieoes, 
which carry a fine tungsten wire stretched along the axis of the 
cylinder. A small glass tube passes through one of the end-pieoes, 
so that the cylinder can be evacuated, filled with dry air at about 
8 cm. pressure and sealed off. The outer wall is maintained at a 
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suitable negative potential, usually of the order of 1,000 volts, and 
the central wire connected through a small condenser to the grid 
of the first valve of a simple amplifier and a recording system. 
The latter may be a gas-filled relay which operates a mechanical 
counter. The operation of the counter tube may be briefly described 
as follows. If the potential difference between tube and wire is a 
little above a certain critical value, any ions produced inside the 
tube, for example by the entry of a ^-particle, are rapidly attracted 
to the wall or the wire according to the sign of their charge. The 
negative ions in the neighbourhood of the wire are in a region of 
very high potential gradient and attain a speed which rapidly causes 
the production of a large number of new ions by collision with gas 
molecules. Thus the entry of a single ^-particle produces a 
monientary discharge from the wire of considerable amplitude. 
This impulse is transmitted through the amplifier and operates 
the mechanical counter. 

For the detection and measurement of /i-rays the specimen is 
mounted as a thin cylinder close to the outer walls of the tube. 
With this arrangement a considerable proportion (usually about 
one-twentieth) of the /J-particles emitted in all directions pass through 
the tube and are recorded. The sensitivity of the instrument may 
be illustrated by the following figures. One milligram of uranium 
oxide in equilibrium with uranium X gives about 40 kicks per minute 
due to the penetrating /?-rays from uranium X2. (The /^-rays from 
uranium XI are too soft to penetrate the walls of the tube.) Since 
a milligram of uranium is equivalent to 3 x 10”’ milligrams of 
radium, it will be realised that great care has to be taken to avoid 
contamination of the counter or specimen with traces of strongly 
radioactive substances. 

Once the counter has been set up and the potential on the tube 
adjusted, observations can be made with great ease and rapidity. 
Not only can radioactivity be detected and measured, but a par¬ 
ticular product can be identified by its rate of decay. If the half- 
life is not too short, the atomic number of a radioactive product 
can often be determined by carrying out chemical separations with 
small amounts of known elements and observing which substance 
carries the activity after precipitation, etc. The value of this 
chemical evidence will be appreciated from some of the examples 
discussed later. 

3, Activation by Positivbly Chaeobd Particles 

Curie and Joliot obtained the first artificial radioelements by 
bombarding boron and aluminium with a-rays from polonium. 
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The disintegration of aluminium may be represented by the follow¬ 
ing scheme. 

-t- aSi” .(1) 

+ uP“ ^. . . (2) 

Reaction (1), which may be termed the Rutherford reaction, accounts 
for the emission of protons ; the other product is a known stable 
isotope of silicon. Curie and Joliot had also observed the emission 
of neutrons. If this reaction is set out formally, as in (2), by balanc¬ 
ing the equation for masses and charges, the other product is an 
unknown isotope of phosphorus P*®, which may disintegrate slowly 
with the emission of positrons to give the same Si*® as reaction (1). 

This scheme is supported by chemical evidence. If irradiated 
aluminium is dissolved in hydrochloric acid, the hydrogen, collected 
in a tliin-walled glass tube, is found to carry with it the activity 
probably in the form of phosphine. When a mixture of hydro¬ 
chloric and nitric acids is used as solvent the activity remains in the 
solution. Both these reactions may, of course, be ascribed to an 
isotope of silicon which also forms volatile hydrides. A more dis¬ 
tinctive test is based upon the insolubility of zirconium phosphate 
in acid solutions. Irradiated aluminium is dissolved in nitric and 
hydrochlori<5 acids, a little sodium phosphate added to give a visible 
precipitate and then a solution of a zirconium salt. The activity is 
found entirely in the precipitate. 

The yield in these nuclear reactions is very small. Only 1 in 10* 
of the a-particles used brings about disintegration, and reaction (1) 
occurs more frequently than reaction (2). The branching ratio is 
about 20 : 1 for the aluminium disintegration. 

A number of the lighter elements have given radioactive products 
when bombarded with a-particles; the half-lives and other data 
for these elements are collected in Table I. All but one of these 
products emit positrons ; with magnesium two radioelements are 
obtained, one of which emits positrons, and the other electrons. 
These are ascribed to the disintegration of two isotopes of magnesium 
according to the following scheme : 

C*t* 

,^g“ + .He*—►,»»»+. . .(3) 

e- 

,.Mg*‘+.He‘—►iH*... (4) 
Reaction (3) with Mg** is precisely similar to reaction (2) with 
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aluminium. Reaction (4) with Mg*® consists of the emission of a 
proton as in the Rutherford reaction, but the residue is a new isotope 
of aluminium which undergoes radioactive decay, emitting electrons. 
The same isotope, Al**, decaying with the same period, was later 
obtained by Fermi in a number of disintegrations provoked by 
neutrons. 

During the last few years great advances have been made in 
the production and handling of high voltages, and beams of protons 
and douterons with very high velocities and eneigies of the order of 
a million electron volts can be generated in the laboratory. By their 
aid a number of disintegrations have been studied, and in some 
of them radioactive products have been obtained. When boron 
is bombarded with high-energy deuterons, a branched disintegration 
is again found ; one of the products is a radioactive isotope of carbon 
which emits positrons and decays with a half-life of 20 minutes. The 
nuclear reactions appear to follow the scheme shown in equations 
(5) and (6). 

.H* -I- .(6) 

c+ 

+ .... ( 6 ) 



With carbon both protons and deuterons give the same product, 
N**, which emits positrons and decays with a half-life of 14 minutes. 


,C** + iH‘ 


,N 


..ZL 




• (7) 




\ 


,H‘ + .C>* 


e+ 

- 


-► 


.C*' 


( 8 ) 

(9) 


The ultimate product of reactions (6) to (9) is an isotope of the origi¬ 
nal element with an extra unit of mass. With carbon the product, 
C**, is a known stable isotope, but with other elements, and particu¬ 
larly those of odd atomic number, the product may be radioactive. 
Thus sodium bombarded with high-energy deuterons gives Na»® 
which emits negative electrons and decays writh a half-life of 15'6 
hours. 


uNa” + iH* —> ,H> + uNa“ ^. . . (10) 

Recently Lawrence, using a beam of deuterons with an energy of 
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nearly 2,000,000 electron volts, has obtained this radioactive so^um 
•with a very high activity approaching that of preparations of radium. 
It seems possible that developments in the techmquo of high-voltage 
work may, before long, provide intensely active preparations ot 
artificial rodioelements which can be used instead of radium for 
medical and scientific purposes. It should be noted that Na 
with identical properties is produced in a number of the disintegra¬ 
tions provoked by neutrons (Table IT). ,. . . . 

Up to the present it has not been found possible to disintogri^e 
the nuclei of elements with atomic numbers greater than 19 by 
bombardment with positively charged particles. This is explained 
by the rapid increase with increasing atomic number of the electro- 

TABLE 1 

Artificial Badioklements emitting PfisiTuoNS 
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,C» 

c. 20 min. 

,N‘* 

U min. 1 

1 

,F‘’ 

M min. 

„Na” 

7 BCf. 

„A1“ 

7 sec. 


.1 ■ 


3-2 mill. 

„C1*‘ 

40 min. 

.iSc» 

180 min. 


Oritiit). 


,Li* + ' 

,B'» -f .He*- 
,C“ 4 iH‘ -> 
,C'* -h ,H«-> 
,N>‘ 4- ,Ho*- 
,V‘' 4- ,He*- 
.,Na” 4- ,H<>‘ 
„Mg“ 4- ,He‘ 
„A1*’ 4- ,He* 
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In' h ,N>* 

► on' -t 

—► on' -t 10 
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jAI“ 

„ ’-t '.iSi*’ 
>n' 4- .,r»» 
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.oP" I- ,Ho‘ 

„K**4- ,Ho*->on' -I- „ScO 


M. 

C., (1. & W. ; 
L., C. & H. 
C. &■ J. 

C., a. 4 W. 
W. 

C. & J. 

F. 

0. A J. 

C. 4 J. 

K. 

Z. 


M. Meitner, quoted ay Uuno ana joiioi; i^., v». a »»., v^oonuiun., aii.i 

Walton Nature, 1934,133, 328 ; L., C. 4 H., Lauritsen, Crane and Harper, Science, 
1034 79, 324 : C. 4 J., Curie and Joliot, Int. Conference Vhy»., 1035, 1, 78 ; W., 
Wertenetein, Nature, 1934,133, 865 ; F., Frisch, ibid., 721 ; Z., Zwy, ibid., 134, 64. 


static forces of repulsion between the nucleus and the approaching 
positively charged particle. Modem developments in the theory of 
the nucleus seem to indicate, however, that the limit has not yet 
been reached at which high nuclear charge prevents interaction with 
an a-particle. Recent studies of the bombardment of aluminium 
and other elements with a-particles of a range of known energies 
have revealed some remarkable phenomena of interaction with 
comparatively low energy particles. The most abundant production 
of protons in the Rutherford reaction was obtained by using a-par¬ 
ticles with energies greater than that of the potential barrier which 
surrounds the aluminium nucleus, but a number of swift protons 
were also found with particles of lower energy. If the number of 
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swift protons expelled is plotted against the energy of the a-particles, 
several maxima are found at lower energy values. It appears that 
a-particles with certain critical energies can pass through the poten¬ 
tial barrier and interact with the nucleus. The chance of disintegra¬ 
tions achieved in this way is small, but this may be compensated 
by the largo number of high-energy protons which can be used as 
projectiles with the new technique developed by Lawrence, and by 
Cockcroft and Walton. One may therefore anticipate that the 
present limit of atomic number for disintegration by positively 
charged particles will soon be overstepped. At the same time, it 
seems unlikely that the methods available at present will be capable 
of disintegrating the heavier elements. This question is of 
theoretical interest, since at present bombardment by positively 
charged particles is the only method which gives radioelements 
emitting positrons. 

4. Activation by Neutrons 

Since a neutron does not carry an electrical charge, it may be 
expected to interact with the nuclei of both light and heavy elements. 
This supposition has been amply confirmed by the remarkable work 
of Fermi and his collaborators during the lost year. More than 
40 new radioelements have been obtained with atomic numbers 
ranging from 7 to 92, and all emit negative electrons or /^-rays. 
In addition, a number of elements which do not give radioactive 
products show remarkable phenomena of absorption of neutrons 
and emission of y-rays. The neutron is clearly a most potent 
agent for initiating nuclear transformations. 

The technique used is exceedingly simple. A convenient source 
of neutrons consists of a small glass tube cont/aining powdered 
berylUum in contact with radon. Fermi has worked with quantities 
of the order of 600 millicuries of radon, but some of the activities 
detected are so intense that they can be detected and measured 
with sources of much smaller intensity. Neutrons are expelled 
from the beryllium by the impact of a-particles from the radon 
and its disintegration products, probably by the reaction 

-f ,He<—► 

The substance to be examined is placed as close to the neutron source 
as possible and is irradiated for a time depending upon the half-life 
of the product. The activity produced and the rate of decay are 
then measured by means of a Qeiger-Miiller counter, or, if the 
product has a high activity, by means of an ionisation chamber 
and electrometer. 
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Four main types of interaction between neutrons and nuclei 
have been recognised. The first and simplest consists of the capture 
of a neutron to give a stable isotope with one unit of mass greater 
than the parent nucleus. This may be formulated generally as 
follows; 

jjAW + — ► zAW+i 

The extra energy carried into the nucleus by the neutron is emitted 
as a y-ray. Yttrium and cadmium behave in this way. They show 
a very large absorption for slow neutrons and at the same time emit 
y-rays. They do not form radioactive products with a measurable 
rate of decay. 

The second type of reaction consists of the capture of a neutron 
followed by an immediate disruption of the nucleus into stable 
products. Boron undergoes this type of reaction. Fermi showed 
that boron was a powerful absorber of slow neutrons, but did not 
emit either fi- or y-rays. Chadwick and Goldhaber, using a special 
type of counter and amplifier suitable for detecting a-rays, showed 
that heavy particles were emitted when boron and lithium were 
bombarded with neutrons. They suggest that the products are 
given by the following equations : 

,Li* + o”’ —► |He* + iH* 

,B‘» -f- ,w> —► ,Ho* + ,H«* + ,H* 

One of the products of these disintegrations is a still heavier isotope 
of hydrogen of mass 3. This interesting isotojie has been found in 
other nuclear transformations, notably in the bombardment of 
deuterons by deuterons. 

iH* -f ,H« — ►iH* f 

The third type of reaction of neutrons with nuclei consists of 
the capture of the neutron to form a radioactive nucleus. This type 
of reaction occurs with light and heavy nuclei and has produced 
most of the new radioelements. For example, Fermi found that 
iodine irradiated with neutrons gave a product which emitted /S-rays 
and decayed with a half-life of 26 minutes. Chemical separations 
showed that the radioactive product was isotopic with iodine. 
Thus ammonium iodide after irradiation was dissolved in water, 
poluble antimony and tellurium compounds added, and the iodine 
precipitated either as silver iodide or by oxidation with nitric acid. 
The radioactivity followed the iodine and was not associated with 
the elements of neighbouring atomic numbers. The reaction was 
therefore formulated 
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„1>” + ,n> —> ^ 

The product of the decay is a known stable isotope of xenon. 

The neutrons emitted from a radon-beryllium source are not all 
of one velocity, but have kinetic energies covering a wide range up 
to 8,000,000 electron volts. Fermi and his collaborators have 
found that the /3-ray activities produced by the capture of a neutron 
are very greatly increased in intensity if, during irradiation, the 
specimen and source are surrounded by a large mass of a hydrogen 
compound. (In practice one uses a large tank of water or a block , 
of paraffin wax.) This effect is ascribed to a rapid reduction in the 
velocity of the neutrons by collisions with hydrogen nuclei; the 
process continues until the velocity approaches that of a gas molecule. 
The slow neutrons will be captured more readily than those with a 
high velocity and thus give a higher activity in the specimen. Fermi 
terms this the hydrogen effect and measures it roughly by a 
coefficient a, which is the factor by which the activity of a specimen 
is increased when it is surrounded during irradiation by a large 
m«^s of water. Values of a range from uranium a — 16, iodine 
a = 7, silver (20 sec. period) a — 30 to vanadium (4 min. period) 
a — 40. 

If the element bombarded by neutrons contains two isotopes, 
both may be activated and two products with different periods of 
decay may be produced. Thus silver with isotopes Ag^®’ and 
gives two x)oriod8 with half-lives of 20 seconds and 2*3 minutes. 
These are ascribed to unstable isotopes Ag^®® and Ag^®®. It is not 
possible at present to determine which isotope gives the longer 
and which the shorter period. Similarly bromine gives two periods 
of 20 minutes and 4*6 hours, which are ascribed to Br®® and Br®*. 

Szilard and Chalmers have devised an interesting method of 
concentrating the radioactive isotopes of certain elements. A 
typical example is furnished by the concentration of radioactive 
iodine. Ethyl iodide containing a trace of free iodine was irradiated 
with neutrons. The free iodine was separated and was found to 
contain most of the radioactivity. The explanation is as follows. 
The impact of the neutron on the iodine atom disrupts the ethyl 
iodide molecule and leaves a residue, probably an ethyl radical, 
which soon recombines with free iodine to re-form ethyl iodide. 
Since, however, the concentration of inactive free iodine is immensely 
larger than that of radioactive iodine, it is the former which combines 
with the organic residue. The radioactive isotope is left to be 
extracted with the free iodine at the end of the experiment, and if 
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only a small amount of free iodine is used, a considerable degree of 
concentration of the active product can be achieved. This method 
was also used to concentrate the radioactive isotopes of bromine; 
later Fermi and his collaborators used it to concentrate the active 
isotopes of chlorine, manganese and arsenic. 

In one case at least there seems to be evidence for a series of 
successive /3-ray changes. Uranium, which contains only the iso¬ 
tope of mass 238 in appreciable amount, gives no less than four 
periods of decay with half-lives of 10 seconds, 40 seconds, 13 minutes 
and 90 minutes, Fermi has obtained chemical evidence which 
indicates that the product giving the 13 minutes’ period is not iso¬ 
topic with any of the elements with atomic numbers 86 to 92. 
This evidence has been criticised by von Grosse and Agruss, but the 
criticisms have been answered by Fermi. It is clearly possible to 
account for a number of periods by a series of disintegrations of the 
type 

e- e- 

„U*»* + on* —> „U*» ^ -► „U«»* ^ -► „U‘» etc. 

At the same time it must be remembered that some of the naturally 
radioactive elements undergo a branching disintegration. Much 
more experimental work is needed on this very int/cresting problem. 

The fourth type of reaction of neutrons with nuclei consists of 
the capture of a neutron followed immediately by the expulsion 
of a positively charged particle and the formation of a radioactive 
residue. The positive particle which is expelled may be either a 
proton or an a-particlo. Thus magnesium reacts as follows : 

The radioactive product is Na^^ with a half-life of 15*5 hours. 
The isotopy of the active product with sodium was tested as follows. 
Irradiated magnesium oxide was dissolved in acid and a small 
amount of a sodium salt added. The magnesium was precipitated 
as phosphate, and was found to be inactive whilst the sodium salt 
recovered from the filtrate contained the activity. 

When aluminium is irradiated with neutrons, the same product 
is obtained, as well as products which decay more rapidly. The 
production of Na*^ from this element involves the expulsion of an 
a-particle, according to the scheme 

e- 

„A1” + „n* —> ,He* + ,iNa** ^ -► „Mg*‘ 

Here again the chemical evidence is clear. Irradiated aluminium 
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wae dissolved in acid and small amounts of magnesium and sodium 
salts added. Aluminium separated as hydroxide and magnesium 
separated as phosphate were found to be inactive, whilst the sodium 
salt in the filtrate was foimd to carry the activity. 

It should be noted that aluminium can also react with the 
emission of a proton, giving with a half-life of 10 minutes. 

With slow neutrons aluminium gives Al** with a half-life of 2*3 
minutes. Since aluminium bombarded with a-particles gives the 
positron emitter P*® with a half-life of 3*2 minutes it will be seen that 

TABLK II 

Aktificial Rapioklemients EMiTTiNQ Klectrons 


Nucleu!!. 

HalMlfc. 

OrlHln. 
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,N» 

9 ROC. 

+ on* ,He* + 

F. 


40 Hec. 

oF‘» -f on'-^^oF*® 



40 aec. 

„Na** + ,n*->,H> + „Ne>» 
„Mk“ + ,n« -> ,Ho‘ + „No»* 

fp 

,.Na>‘ 

16*5 hr. 

„.Na“ 4-„Na‘* 

„Mg*‘ 4- ,n> ,H‘ 4- „Na** 

„A1*’ 4- .n* — ► ,Ho* 4- „Na» 
.,Na** 4- ,H*-»-,H' f- „Na** 
„Mg« 4- .n> -► „Mg*’ 

„A1*’ 4- .n‘ -► ,H> 4- ,.Mg*’ 

ft 

»» 

L. 

..Mg*’ 

10 min. 

F. 

i 

..AI" 1 

1 

2*3 min. 

i 

..Al*’ 4- .n> „A1“ 

.,ai« 4-,n'-». ,H‘ 4- „A1** 
„P*‘ 4 ,n'—►.Ho* 4- „AI** 
„Mg“ 4-.He* —► ,H* 4- „A1« 
u8i«4-,n>->,.Sf*« 

,.P** 4- .n* -► ,H‘ 4- ..Si** 

1 

C., /.*& P. 

1 

F. 

..Si“ 

2*4 hr. 

..1- 

14 days 

„8** 4- .n« -► ,H> 4- „P" 

„C1** 4-,n‘—► .He* 4-,.P** 


„Cl**C*) 

1 35 min. 

4- .n> -► „C1**(**) 

ff 


F., Amaldi, D’AgoHtino, Fermi, Poiitocorio, Hasetti and 8egr6, Proc. Roy, Soc., 
1984, A. 146, 483; 1935, 149, 622 ; L.. Lawrence. Phya. Rev., 1935, 47, 17 ; C., 
J. & P., Curie, Joliot and Proiswerk, CompL Rend,, 1934, 198, 2089. 


one stable nucleus, Al*’, can by suitable treatment be made to 
yield four different radioactive nuclei. 

The reactions of neutrons with nuclei in which positively charged 
particles are emitted occur only with the lighter elements, and have 
not been observed for nuclei with atomic numbers greater than 
Z — 21. It is assumed that the potential barrier which hinders 
the approach of positively charged particles also resists the expul¬ 
sion of positively oharg^ particles from the nucleus. Further¬ 
more, these reactions show no hydrogen effect, i.e. neutrons of 
considerable energy are needed to bring about these reactions. It 
would appear that the neutron miist carry a certain amount of 
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energy into the nucleus ; when this occurs the a-partiole or proton 
gains enough energy to surmount the potential barrier and escape. 

A detailed table of the products of neutron activation and their 
properties has recently been given by Fermi and his collaborators 
{Proc. Boy. Soc., 1935, A, 149, 554), hence it will suffice to quote 
here the data for the lighter elements up to Z — 20. These elements 
give nine radioactive products as shown in Table II. From this 
table it will be seen that not only can one element give several 
radioactive products, but that a particular product can be obtained 
in several ways. Thus has been found as a product of four 
different nuclear processes. 

6. Stable and Unstable Isotopes 

It will be evident from this purely descriptive account that the 
discoveries of the last two years have furnished an immense amount 
of new exi>erimental data concerning the behaviour of nuclei. 
The interpretation of this new knowledge and its incorporation in a 
comprehensive theory of the nucleus presents a number of diffi¬ 
culties ; at the same time the relations between the different types 
of nuclei revealed by the production of artificial radioeloments show 
a number of regularities which may ultimately load to far-reaching 
generalisations. It would be out of place here to attempt to give 
an outline of current theories of the nucleus, but one simple aspect 
of the general problem may be referred to briefly. 

The fundamental constituents of the nucleus are now, following 
Heisenberg, supposed to be protons and neutrons and not, as in 
earlier theories, protons and electrons. Probably some of them 
are combined to form secondary particles such as a-particles which 
might be formulated ptn^, and according to some writers deuterons, 
pn {p — proton, n = neutron). For our present purpose the total 
number of protons and neutrons will suffice, and their association 
into more complex aggregates need not be considered. 

The charge of the nucleus is due entirely to the protons, hence 
the number of protons is given by the atomic number Z. If W is 
the mass of the nucleus, then the number of neutrons is W — Z. 
The lighter nuclei contain approximately as many neutrons as 
protons, but as the atomic number increases an excess of neutrons 
gradually accumulates. That is, the atomic mass becomes greater 
lhan twice the atomic number. 

In order to compare different types of nuclei, it is convenient to 
plot the excess of neutrons over protons, namely W 2Z against 
the atomic number Z. This has been done in Fig. 1 for all the 
known nuclear species up to Z «= 20, The numbers give the masses 



ARTIFICIAL BADIOAOTIVITY 


29 


of the isotopes and those in a vertical column belong to one element 
which is indicated by the chemical symbol at the top of the diagram. 
The stable isotopes are indicated by circles and to those arc added 
the positron emitters indicated by squares and the negatron emitters 
indicated by diamonds. The arrows indicate the end products of the 
decay of these unstable isotopes. 



Inspection of the diagram reveals a number of remarkable 
regularities. In the first place all the nuclei which emit positrons 
contain a smaller number of neutrons than the stable isotopes of the 
same atomic number, whilst the nuclei which emit negatrons (/S-rays) 
contain more neutrons than the stable isotopes of the same element. 
This indicates strongly tliat nuclei owe their stability to a balance 
between the number of neutrons and protons. The nuclear change 
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giving rise to positron emission may therefore be in all cases the 
conversion of a proton into a neutron and a positron. 

Similarly, the process giving rise to the emission of a ^-ray may be 
the conversion of a neutron into a proton and an electron. 

on' —> jH' 4' e~ 

The diagram exhibits a number of other suggestive regularities. 
Thus nuclei which contain equal numbers of protons and neutrons 
are stable up to Z ^ 10 (Be® is not known). From Z ^ 11 to 
Z — 20 such nuclei are stable if Z is even, and unstable emitting 
positrons if Z is odd. The one known positron emitter not included 
in the diagram, Sc*®, falls into this group. 

All the nuclei up to Z — 20 which have one neutron in excess of 
the number of protons are stable. In this range of atomic number 
an excess of two neutrons gives stable nuclei if Z is even and unstable 
nuclei emitting /?-rays if Z is odd. Similar but less complete relations 
can be traced for elements with Z > 20, but in this region only the 
nuclei which emit electrons are known and can be used to indicate 
the limits of stability. 

One can predict with fair certainty tlio properties of the nuclei 
which have not yet been obtained. Thus Be®, Ne®b 
A®®, and Ca*^ will probably be stable ; 0^®, Ne^®, Mg®®, A®®, 

and K®® if they are ever produced in nuclear changes will probably 
be unstable and emit positrons. Similarly 0^® and S®® should decay 
with the emission of electrons. 

Enough has been said to indicate the nature and the limitations 
of the regularities which can be traced between the composition 
and the stability of nuclei; a complete theory must obviously take 
into consideration nuclear energies and spins. We are probably 
not far from a periodic theory of the nucleus in which successive 
shells of fundamental particles play an important part. At the 
moment experiment is in advance of theory, but the clue which will 
solve the puzzle of the nucleus will probably be revealed by further 
study of artificial radioelements. 
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The most elementary form of cement used in constructional work 
is to bo found in the early Egyptian buildings, in which bricks made 
from clay dried in the sun were bound together with layers of moist 
clay. Bitumen was used as a bonding material by tlie Babylonians 
and Assyrians, whilst in their later practice the Egyptians introduced 
the use of mortar composed of a cementing material mixed with sand. 
The cementing material of the Egyptians was crudely burnt gypsum, 
and it seems that this was adopted rather than lime l>ecause of the 
much greater ease with which it could be burnt. The use of lime is 
found in Grecian, and later in Roman, civilisation and the burning of 
limestone to form quicklime, and its slaking to a lime putty, became a 
highly developed art. 

Limes prepared from pure limestones which are almost free from 
silica and alumina harden only by atmospheric carbonation and, 
though mortars made with them eventually become very strong, the 
process is very slow. Under water such mortars do not harden. 
Both the Greeks and the Romans were familiar with a very valuable 
property possessed by some volcanic ash deposits. These materials 
when mixed in a finely ground condition with a pure lime yield a 
mixture which will set and harden under water without the assistance 
of atmospheric carbonation. One such material used by the Romans 
came from volcanic deposits at Pozzuoli near Naples, and from this 
source is derived the name pozzolana. This term is now applied to a 
group of materials, none of which are cements, but all of which have 
this characteristic property of combining with slaked lime in the 
presence of water to form a hard mass. Vitruvius in his De Archi¬ 
tectural written probably before 27 b.c., says of pozzolana [1]; 
“ There is also a kind of powder which, by nature, produces wonderful 
results. It is found in the neighbourhood of Baiae and in the lands 
of the municipalities round Mount Vesuvius. This being mixed with 
lime and rubble not only furnishes strength to other buildings, but 
also, when piers are built in the sea, they set under water.** The 
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Romans made use of powdered tiles and pottery as pozzolanos when 
natural volcanic earths were not available, for burnt clays were also 
found to possess this same pozzolanic property. The interest shown 
in pozzolanas to-day and their increasing use in certain kinds of 
constructional work is but another chapter in a long history. 

The Italian natural pozzolanas are still widely used in Italy, 
both in lime mortars and in concrete with Portland cement, and 
many of the open pits from which they arc obtained have been 
worked continuously for hundreds of years. The German trass 
which is obtained from a consolidated volcanic ash deposit occurring 
in the neighbourhood of Andernach on the Rhine is the principal 
pozzolana of northern Europe. Artificial pozzolanas prepared by 
the burning of clay by crude methods have long been used in India 
and Egypt under the names of surkhi and homra. 

Modern investigations on the production of burnt clay pozzolanas 
have shown that careful control of the burning process is required to 
obtain the most active products, and that without such control only 
materials of variable and uncertain activity are likely to be obtained. 
Cement manufacturers are at the present time dirocjting their atten¬ 
tion to the production of these artificial pozzolanas, and are thus 
reproducing under controlled conditions the materials which the 
Romans made and used in this country 2,000 years ago. 

The mechanism of the reaction of lime with pozzolanas is still 
unsettled, audit seems questionable whether it is similar in type for 
natural volcanic ash and burnt clay pozzolanas. Alternative 
theories of base exchange, of substitution of lime for replaceable 
hydrogen in aluminosilicate compounds of the nature of Phillipsite, 
CaO.Al 2 O 3 . 5 SiOa. 5 H 2 O, and of direct combination with free and 
active forms of silica and alumina, still remain controversial issues. 

The development of modern cements may be traced back to a 
discovery made by Smeaton when engaged in the erection of the 
Eddystone lighthouse in 1756. Smeaton found that on burning 
limestones containing clay the lime produc/ed had hydraulic proper¬ 
ties and would set under water. From Smeaton’s discovery to the 
first production of Portland cement by burning a prepared mixture of 
limestone and clay a period of some seventy years elapsed, the 
original patent for Portland cement, that of John Aspdin, being taken 
out in 1824. 

The hydraulic cements of the present day include Portland 
cement, aluminous cement, and Portland blast-furnace cement as 
well as hydraulic limes and various mixtures of lime and granulated 
(quenched) blast-furnace slag, and lime and pozzolana. In addition, 
pozzolanas are widely used abroad in combination with Portland and 
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Portland blaat-furnace cement; this latter cement is itself a mixture 
of Portland cement and granulated blast-furnace slag. It is not 
possible within the limits of the present article to survey all these 
cements, and attention must be mainly confined to Portland and 
aluminous cements. 

The necessary constituents of all constructional cements are lime, 
alumina and silica, and of these only two, lime and silica, are essential 
for Portland (jeraent, and lime and alumina for aluminous cement. 
The zones (30vered by various cement (jompositions in the ternary 
system CaO-Al » SiO a are shown in Fig. 1The Portland cement 
zone is separated from the aluminous cement zone by a region in 



which the cements obtained have such a rapid set as to be useless. 
The cements in this zone contain a large proportion of the two most 
basic calcium aluminates SCaO.AljOs and SCaO.SAljOa, both of 
which react with water and set wdth great rapidity. The ternary 
compound 2Ca0.Al80a.Si0 2 has no cementitious proi)erties, and 
compositions in its neighbourhood show no tendency to set with 
water. On the high silica side of the Portland cement zone the 
composition zone of the blast-furnace slags of high lime content is 
found. These slags show little or no cementitious properties when 
slowly cooled and crystallised, but when chiUed very rapidly to a 
glassy condition they have excellent latent cementing properties. 
These rapidly chilled, or granulated, slags require the addition of 
a small proportion of lime, or of an alkali or alkaline earth sulphate, 

' In both Fig. 1 and Fig. 2 the symbols C?, A, 5 are used to denote the 
oxides CaO, AljOj, SiO, when representing the various compounds formed 
by these oxides. 

D 



SCIENCE PROGRESS 


34 

to convert them into cements. The mechanism of the setting action 
in this case is not understood. 

Portland cement is commercially by far the most important of 
constructional cements. In its manufacture the raw materials, such 
as finely ground limestone and clay, are heated to a temperature 
which varies from 1,350° to 1,500° C. At this temperature only a 
minor proportion of the mix, amounting to some 20 to 30 per cent., 
becomes liquid and it coheres into small pea-sized particles of (cement 
clinker. This clinker, after grinding to a fine powder, with the 
addition of a small proportion of gypsum to control the speed at 
which it sets, forms the Portland cement of commerce. In a well- 
burnt clinker, combination of the hme with the silica, alumina, and 
other clay constituents is complete and no uncombined lime remains. 
A certain amount of uncombined lime, varying from zero to a few 
per cent., is, however, usually found in commercial cements. The 
composition of commercial cements ranges from about 60 to 67 per 
cent. CaO, 17 to 25 per cent. SiOj, 3 to 8 per cent. Al^Oa, 

6*0 per cent. Fe^Oa, 01 to 5-5 per cent. MgO, 0-5 to 1-3 per cent. 
NajO and KjO, 0-1 to 0-4 per cent. TiOa, and 1 to 3 per cent. SO a. 

The investigation of the nature of the compounds present in 
Portland cement can be said to have commenced with the work of 
Le Chatelier, published from 1883 onwards, but it is only witliin the 
last few years that some general agreement as to the constitution of 
Portland cement has been reached. Present knowledge of the con¬ 
stitution of Portland cement rests on the one hand on the results of 
pliase equilibrium investigations on systems containing the various 
oxides present in Portland cement, and on the other hand on con¬ 
firmatory evidence obtained from the study of cements themselves. 

Portland cement is composed to the extent of over 90 per cent, 
of lime, alumina, and silica. The complete equilibrium diagram of 
this ternary system was worked out at the Geophysical Laboratory 
of Washington and published in 1915. The results of this investiga¬ 
tion form the basis from which the present knowledge of the con¬ 
stitution of Portland cement has been developed. The equilibrium 
diagram of this system [2], with some later minor corrections, is 
given in Fig. 2. The compounds which are to be predicted from this 
diagram in a Portland cement mix of lime, alumina and silica which 
has attained equilibrium, are SCaO.SiOa, 2Ca0.Si02, 3Ca0.Al208 
,and 5Ca0.3Al20a. Later investigations on the ternary system [3] 
CaO-AlaOs-FejOa showed that a compound 4CaO.Al2O3.Pe2O3 
existed, and that its presence was to be expected in Portland 
cement. The quaternary system [4] CaO-2CaO.Si02-~5Ca0.3Al208'- 
4Ca0.Alt0a.Fea08 has also recently been investigated. It has been 
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found that in this system, which covers all Portland cement com¬ 
positions as far as the four oxides CaO, AljOa, SiO*, FejOa are 
concerned, no new compounds api)ear. The conclusion has therefore 
been reached from phase equilibrium studies that the compounds 
to be expected in Portland cement are the two silioates 3CaO.SiO* 
2 Ca 0 .Si 02 , the iron-containing compound 4 CaO.Al 2 O 3 .Fe 9 Oa, and 
the aluminate 3CaO.Al.j|Oa together sometimes with the next less 
basic aluminate 5Ca0.3Al 2 O 3 . Uncombined calcium oxide may also 
be present in small amounts if equilibrium is not quite fully attained. 



Another constituent which is present to some extent is a glass 
resulting from the failure of the liquid formed during burning to 
crystallise completely on cooling. 

The minor constituents of Portland cement which have not been 
considered are magnesia, the alkalies and titania. There is evidence 
that the magnesia remains, at least in part if not in whole, in an 
uncombined condition [5], but little is known concerning the mode 
of combination of the alkalies and titania. The total amount of 
these, however, only averages about 1 per cent. 

The evidence that has been drawn from phase equilibrium 
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diagrams regarding the constitution of Portland cement has been 
objected to on the ground that Portland cement does not approach 
equilibrium during burning under the conditions of commercial 
production. Much evidence has, however, now been obtained which 
shows that a Portland cement mix does closely approach equilibrium 
at the temperature at which it is clinkered commercially [0]. The 
cumulative results of many investigations on commercual cements 
by optical and X-ray methods, by analysis of individual minerals 
constituents separated from the crushed cement by centrifugal 
methods, and by other lines of attack, have shown fairly conclusively 
that the compounds present in Portland cement are those predicted 
by the phase equilibrium data. This may be regarded as a well- 
merited triumph for those pioneers who some twenty-five years ago 
amidst the scepticism of many of their fellows first commenced to 
apply the method of phase equilibrium studies to cements. 

Thin sections of Portland cement clinker can be prepared by 
methods similar to those used by the mineralogists on rocks. In 
such sections the silicate compounds SCaO.SiOa and 2CaO.SiOs can 
be identified, together with an interstitial material containing the 
remaining crystalline compounds and glass. A photomicrograph 
of a thin section is reproduced in Plate I. 

The cementing qualities of Portland cement are primarily due to 
the silicate compounds SCaO.SiO* and 2CaO.SiOj. Tricalcium 
silicate reacts with water and hardens rapidly and the strength 
developed by it approaches a maximum within seven to twenty- 
eight days. Dicalcium silicate hydrates and hardens very slowly 
and in Portland cement it does not contribute appreciably to the 
strength until some twenty-eight days after the initial setting. 
It is, however, responsible for most of the further increase in strength 
of cement at longer ages. There is some doubt as to the role played 
by the aluminate and iron-containing compounds. Cements which 
contain only lime and silica can be made in the laboratory and show 
all the characteristic propertied of Portland cement. Such cements 
could not, however, be produced commercially on account of the 
high burning temperatures that would be involved. The presence 
of the fluxing constituents, alumina and ferric oxide, is essen¬ 
tial for commercial production. The compounds SCaO.AltOs, 
SCaO.SAlaOs and 4Ca0.Al,08.Fe,0s all hydrate rapidly and it 
seems that they may contribute somewhat to the strength developed 
in Portland cements during the first few days after setting. The 
proportion of these compounds present is, however, much less than 
that of the silicate compounds as is seen from the following values 
for the compound content of some Portland cements. 
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Cent. Compound Content or Some Portland Cements 
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Knowledge of the hydration of Portland cement is on the whole 
somewhat less advanced than that relating to its constitution. 
This is due to the marked complexity of the aqueous systems that 
are involved and the difficulties which attend their investigation. 
Thus, though many papers have been published in recent years 
describing investigations on the hydrated calcium silicat^^s and 
aluminates, the chemistry of these groups of compounds is still 
obscure at many points. 

Various crystalline hydrated calcium silicates are known in 
nature with CaO : SiO, ratios varying from 2 : 1 to 1 : 2, though all 
of them are rare. The compounds which have been prepared in the 
laboratory at ordinary temperatures are amorphous. They include 
a compound CaO.SiO 2 .aq. which is capable of taking up lime from 
calcium hydroxide solutions up to a CaO : SiO t ratio of about 14 : 1, 
and a more basic silicate with a CaO : SiO, ratio which is at least 
3 : 2 and may be as high as 2 : 1. It seems probable that it is this 
latter compound which is formed, together with some free calcium 
hydroxide, from the hydration of tricalcium and dicalcium silicates 
at ordinary temperatures. The hydration of the calcium silicates 
in superheated steam under high pressure leads to the formation of 
crystalline hydration products [7]. 

The hydrated calcium aluminates include a hydrated tetracalcium 
aluminate, 4Ca0.Al208.13H20, and two hydrated tricaloium 
aluminates, one 3Ca0.Al,0,.l211,0 crystallising in the hexagonal 
system and the other 3Ca0.Al,0,.6H,0 in the cubic system. 
It is uncertain which of these hydrated compounds is present 
in set Portland cement. Hydrated tricalcium aluminate forms 
a series of complex salts by addition reactions with other 
calcium salts. One of these complex salts, calcium sulpho- 
aluminate 3Ca0.Al,0s*3CaS04.31H,0, is formed in the hydration 
of cement by interaction between the tricalcium aluminate and the 
calcium sulphate which is added to control the time of set. 

It is of interest to note that Tilley [8] has recently found in 
Co. Antrim, Ireland, some small mineral pockets containing hydrated 
tetracalcium aluminate associated with calcium sulphoalunimate, 
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hydrated dicalcium Bilicate, and calcium hydroxide. The occur- 
rence together of these compounds, all of them hydration products 
of Portland cement, is remarkable. 

Two main theories, the so-called crystalline and colloidal theories, 
have been advanced to explain the sotting and hardening of Portland 
cement. Le Chatelier, the author of the earlier of these theories, 
considered that hardening was essentially duo to the interlocking of 
crystals produced by hydration. This theory was based on analogy 
with the setting of Plaster of Paris which, as was originally shown 
by Lavoisier, is due to the interlocking of crystals of gypsum which 
deposit from the supersaturated solution formed when water acts 
on the hemihydrate, CoSOi.^HaO. The action of water on Port¬ 
land cement also leads to the formation of supersaturated solutions 
from which the hydrated calcium silicate and aluminate were 
assumed to crystallise to form an interlocking mass. In the second 
and later theory of Michaelis the hardening of cement was attributed 
to the formation of a gelatinous mass which hardens as it ages and 
shrinks. According to Michaelis the supersaturated solution 
formed initially in the hydration of Portland cement coagulates to 
form a gel surrounding the cement grains. This gel was supposed 
to consist mainly of hydrated calcium silicate, with some aluminate, 
and to contain distributed in it crystals of calcium hydroxide, 
calcium sulphoaluminate, and some hydrated calcium aluminate. 
Though the opposing crystalline and colloidal theories have been the 
subject of much controversy there now seems little doubt of the 
essential correctness of the view propounded by Michaelis, The 
hydration products obtained from the calcium silicates at ordinary 
temperatures are gelatinous solids and these seem to form the basis 
of the structure of set Portland cement. 

Set cement shows a number of physical properties which ore 
most easily explained by the colloidal theory. Thus when set 
cement is dried for the first time the curve obtained by plotting the 
water content of the set cement against its vapour pressure, a.8 the 
material is progressively desiccated, is irreversible, but on subsequent 
cycles of wetting and drying the path followed is reversible. In 
these respects there is a close analogy between the behaviour of set 
Portland cement and that of silica gel. The volume of a set Portland 
cement undergoes a similar series of changes. Or allowing the set 
cement to dry for the first time a shrinkage occurs which is in part 
irreversible and is greater than the expansion obtained on subsequent 
rewetting. This drying shrinkage is perhaps the most frequent 
source of trouble in the use of concrete. The volume changes which 
occur on cycles of wetting and drying subsequent to the first drying 
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are approximately reversible. For a typical concrete, when un¬ 
restrained, the total magnitude of the first drying shrinkage is about 
0*1 per cent, compared with a subsequent reversible movement of 
about half this value. 

Though the colloidal theory appears to describe correctly the 
structure of set Portland cement hydrated at temperatures up to 
100® C., the crystalline theory is probably more closely applicable 
to cement hydrated in steam under high pressure. Under such con¬ 
ditions the hydration products are crystalline. It seems therefore 
that, as the temperature and steam pressure under which hydration 
occurs is raised, the structure of the set mass gradually changes from 
gel to crystal. Cohesion and strength apparently can be produced 
by either type of structure. 

The reaction of Portland cement with water is exothermic and 
the heat evolved is sufl&cient to cause a considerable rise in tempera¬ 
ture in the interior of large concrete masses from which loss of heat is 
relatively slow. The difference in temperature between the interior 
and surface may attain a maximum value as high as 50® C. within 
about seven days of first placing the concrete. It is now realised 
that it is the contraction which occurs during the subsequent slow 
cooling of the hardened mass which is mainly responsible for the 
development of cracks in large concrete structures such as dams. In 
masses of the dimensions of dams the time before the temperature 
of the interior returns to normal extends to years. Considerable 
interest is being evinced at the present time in the manufacture of 
Portland cement with a heat of hydration lower than normal. 
Such a cement has, for example, been manufactured for the dam, now 
almost completed, at Black Canyon on the Colorado river in the 
U.S.A. 

The major contributions to the heat evolved in the hydration of 
Portland cement are derived from the compounds 3CaO.SiO, and 
SCaO.AljOs, while the compounds 2CaO.SiO, and4Ca0.Ala08Feg08 
only contribute in a much lesser degree. It is possible therefore by 
suitable modification of the composition of a Portland cement to 
reduce its heat of hydration considerably ; if the maximum possible 
reduction is requir^ it is necessary to make some sacrifice in the 
strengths developed at early ages after setting, though the ultimate 
strength need not be affected adversely. 

Portland cement has so often been regarded as a binding material 
suitable for almost any purpose that its chemical limitations have 
sometimes tended to be overlooked. All the hydrated compounds 
present in the set cement are decomposed or dissolved by water and 
the ultimate product obtained, when water continuously percolates 
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through it, is an incoherent mass of gelatinous silica and alumina from 
which all the lime has been leached out. This action only occurs in 
practice under very exceptional conditions, for a concrete can be 
made so impermeable that the decomposition of the set cement is 
limited to a very thin surface skin and the interior remains pennanent 
indefinitely. When, however, Portland cement concrete is exposed 
to waters containing salts which react with it, a rapid deterioration 
can occur. Though, except in very strong solutions, chlorides are 
almost innocuous, the sulphates of the alkalies and alkaline earths are 
most destructive. Thus in clays containing gypsum, os in some areas 
of the London clay, or soils containing alkali sulphates as in the 
“ alkali ” soils of the North American Continent, many cases of 
rapid deterioration of Portland cement concrete have been 
experienced. 

Sulphate salts in solution in general rea(;t with the calcium 
hydroxide present in set cement to form calcium sulphate, and with 
the hydrated calcium aluminate to form calcium sulphoaluminate. 
This reaction is accompanied by an expansion which causes progres¬ 
sive disruption of a concrete mass as the attack proceeds inward 
from the surface. Though there are other cements, such as 
aluminous cement and pozzolanic cements, which are much more 
resistant to attack by sulphate-bearing waters, much attention has 
also been given to the production of Portland cements with a higher 
resistance than the normal. In general it is found that the substitu¬ 
tion in a Portland cement of the compound 4Ca0.Al808.Fe,0t for 
SCaO.AljOs increases the resistance to attack by sulphate solutions. 
This simply involves raising the FegOa/ALOa ratio of the cement. 

The troubles experienced in France in the latter years of the 
nineteenth century owing to the disintegration of Portland cement 
concretes in gypsiferous territories were the cause of the initiation 
of the investigations of Bied which led eventually to the discovery of 
aluminous cement. 

Aluminous cement is the most recent addition to the list of 
constructional cementing materials and was first marketed com- 
meroially only some fifteen years ago. As its name implies, 
aluminous cement is characterised by a high content of alumina, 
and ranges in composition from 36 to 46 per cent. AljO*, 35 to 45 per 
^ cent. CaO, 15 to 20 per cent, iron oxides and 4 to 10 per cent. SiO|. 

Though aluminous cement was produced to meet the demand for 
a cement resistant to attack by sulphate-bearing waters it was found 
not only to possess the desired properties in this respect, but also to 
show a rapidity of hardening considerably greater than that of Port¬ 
land cement. As, however, its cost is about twice that of Portland 
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cement its use is restricted to specialised purposes where very rapid 
hardening or a high degree of resistance to chemical attack is 
required. 

The most important constituents of aluminous cement are one 
or more of the calcium aluminates CaO.AljOs, 3Ca0.6Al,03 and 
5Ca0.3Al,03, together with one or both of the silica compounds 
2CaO.SiOa and 2CaO.AljO51.SiO2. The iron oxide is usually present 
in both the ferrous and ferric conditions, but there is at present no 
certainty as to the compounds formed. The ferric oxide is most 
probably combined in solid solutions of 4CaO.Al2O3.FejOa and 
2Ca0.Fej08 or of CaO.FejOs and CaO.AljOa. 

The reaction of aluminous cement with water is essentially that 
of the compound CaO.AljOa. With an excess of water aluminium 
hydroxide and crystalline hydrated dicalcium aluminate are formed, 
but when the cement reacts with a very limited amount of water, 
as in actual use, it appears that a gelatinous hydrated calcium 
aluminate may be produced initially. The very high resistance 
which is shown by aluminous cement to attack by sulphate solutions 
seems remarkable when it is remembered that the hydrated 
aluminate compounds in set Portland cement are readily attacked. 
It seems that the immunity of the hydrated aluminate compounds 
in set aluminous cement to attack by sulphate solutions is most 
probably to be attributed to the presence of protective films of 
gelatinous alumina surrounding the crystals rather than to an 
inherent stability of the comi)ound8 themselves. Much further 
investigation is required however of this property, as with many 
other characteristics, of aluminous cement. 
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SAP ASCENT IN THE TREE* 

By J. H. PKIESTLEY, D.S.O.. B.Sc., KX.S. 

Profnuor of Botany in VniversiUy of Leeds 

1. Some Criticisms op the Cohesion Theory 

Some recent observations upon the processes initiated in the woody 
tree by the recommencement of the growth of the buds in the 
spring seem to have a direct bearing upon the problem of the 
movement of water into these buds. Facts of growth and develop¬ 
ment, however, seem usually to have no place in the statements 
as to the mechanism of water ascent. The present state of our 
knowledge of these problems is therefore reviewed very briefly in 
the following pages. If the conclusions as to the mechanisms 
operating in the ascent of water seem somewhat unsatisfactory at 
least a case may have been made for further examination of the 
problem from new standpoints. 

It is generally (though not universally agreed, on the basis 
of ringing experiments, that the water ascends the tree in the 
wood ; and so much of the wood consists of empty, lignified ele¬ 
ments, particularly the long tracheal elements that seem best 
adapted to longitudinal transport, that the problem is usually 
regarded as one of finding the necessary force to drive the water 
throughout the height of the tree, along such empty conduits. 
These have lignified cellulose walls, with thin pits through which 
only the finest perforations are present. The wet wall is readily 
permeable to water, but gas cannot be driven through the fine 
pores except under very high pressures, so that the contents of 
the trachese are isolated from any gas content in neighbouring 
intercellular spaces. Water in these trachece must rise to a height 
of some 350 feet in a redwood tree or a eucalyptus and if the 
'problem is correctly posed two solutions are possible—a force at 

^ A very complete bibliography will be found in E. B. Copeland, Bot» Oaz,, 
1902, 34, 101. 

* W. O. James and H. Baker, New Phyt, 1033, 32, 317. 
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least ten times as great as the normal pressute of the atmosphere 
must either drive it from below or pull it from above. 

Some root systems are known to drive water upward at certain 
times of the year, but there is no evidence, in these manifestations 
of so-called “ root pressure,” of a force of ten atmospheres, and, 
in any case, if a tree bearing foliage is out down or even if the wood 
system is simply out into, the result is usually to demonstrate a 
tension ; the cut surfaces will usually absorb water greedily rather 
than release it. For this reason, especially, the root system is 
usually discounted as the source of the force moving water up the 
tree and attention focussed upon the living cells of the leaf canopy 
above. Cells which surround the elements of the tracheal system 
in the leaf are able to withdraw water fiom this system. If these 
cells are not fully turgid, so that their suction pressure more nearly 
approaches their osmotic pressure, they would frequently be able 
to exert forces exceeding ten atmospheres. There may thus be an 
adequate force available at this end of the tracheal system, pro¬ 
vided that the continuous system of tracheal elements in the wood 
can remain filled with a continuous column of water under the 
stress of the tension thus transmitted downward through the system 
by the continuous removal of water above. The founders of the 
cohesion theory of the ascent of sap, Dixon and Joly, and Askenasy, 
provided evidence that a liquid column in a woody trachea might 
be able to withstand very considerable tensions, far exceeding ten 
atmospheres, without interruption of the water column by the 
appearance of bubbles. As root pressure appeared to be inadequate 
and as no other theory appears adequate to explain the ascent of 
sap, faute de mieux the botanist has fallen back as a rule upon 
the cohesion theory, but the fact that under certain conditions 
water colmnns will remain unbroken under considerable tension is 
not sufficient evidence that this mechanism is operating to raise 
the sap in the tree and the supporting experimental evidence for 
this theory is as yet very meagre. 

Since the theory was first advanced evidence has accumulated 
that, under static conditions, water columns may resist consider¬ 
able tensions before breaking, in particular in the cells of the fem 
annulus, either living or dead, Renner * and Ursprung • have sup¬ 
plied evidence that the water in the cells may withstand tensions 
exceeding 200 atmospheres before gas enters. But it is still true, 
as in Askenasy’s early experiments, that attempts to raise a moving 
column of water far above atmospheric height, so that it moves 

^ O. Benner, Jahrb. filr wi»a. Bot., 1916, 56, 617. 

• A. Ursprung, Ber. dvr dtmttvh. Bot- 0«a., 1916, 33, 168. 
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upward under tension, are far from successful and in all such cases 
when the liquid column is agitated it breaks. In the tree the 
narrow pipes through which the water ascends are built into shafts 
that are continually agitated by the wind, but in the light of the 
fact that we have so little direct evidence as to how ascending 
columns of water will behave when under tension in such a system, 
we must leave this question open and examine the evidence for 
the existence of continuous columns of water, under tension, in 
the wood of the tree. 

Tensions are indubitably present in this tracheal system at 
most seasons of the year, the only point at issue is whether these 
tensions are due to stretched liquid columns, when the tensions 
may be very high, or to the presence of gas at less than atmo¬ 
spheric pressure, possibly only water vapour, when the “ tension ” 
is due merely to the excess of the external atmospheric pressure 
over that of the gas in the tracheal system. Such a system of gas 
at low pressure is not correctly spoken of as a system in tension 
and could not be responsible for the rise of water to a greater height 
than about 34 feet. It is probably because of this difficulty loom¬ 
ing ahead that much experimental evidence has been disregarded 
which points clearly to the conclusion that the tracheae contain gas 
at low pressure rather than liquid columns under high tensions. 

But let us first look at the few experimental facts which seem 
to support the view that liquid columns are present under higher 
tensions. 

There are certain experiments which show leafy twigs raising, 
water to heights greater than they can be raised by forces equivalent 
to the pressure of the atmosphere. 

It is true that as a rule the excess above barometric heights is 
not great, at best about double what the atmosphere would support, 
but as the systems at work must either be continuous liquid columns 
or gas at low pressure and as trachese containing gas at low pressure 
could not possibly raise water above barometric height the issue 
seems already decided. Most of these experiments have been done 
with Conifer twigs, but Bohm raised water above a mercury column 
slightly above barometric heights by its absorption by willow shoots 
of which the root system had been boiled, whilst Nordhausen ^ 
describes one, apparently precarious, experiment in which Syringa 
shoots, cut under water, raised water against a mercury column 
and the pull of a pump so that the water column was actually raised 
well above barometric height. But neither these occasional experi- 

1M. Nordhausen, Jdhrb.f&r teuu. Bot., 1017-10,68, 206 ; Ber. der deuttch. 
Bat. Gea., 1016, 34, 610. 
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ments with Dicotyledon shoots nor Ursprung’s * more successful 
ones with Conifers can really settle the question at issue. 

No woody system, in a living shoot, consists entirely of dead 
trachese; amongst the tracheaa are always living elements with 
osmotic contents, perfectly capable of absorbing water against out¬ 
side tensions exceeding the comparatively small tensions existing 
in the most successful of these experiments. The only condition 
necessary for the maintenance of these tensions was that the water 
column should remain in contact with their living cells, and this 
it would do, so long as it remained in contact with the tracheae. 
The difficulty, which leads finally always to the breaking of the 
column, if cut shoots are used, is that the water is also in contact 
with the intercellular spaces and that as the tension increases air 
is drawn through these spaces and out of the cut end. In the 
Conifer the intercellular spaces in the wood are smaller than in the 
Dicotyledon so that these twigs will support a greater tension before 
air is drawn in to break the column. In Nordhausen’s experiment 
the precarious success with S 3 ninga depended upon the precautions 
he had taken to make the passage of air difficult through the out 
end of his twig. 

Both Bdhm and Nordhausen obviously met the other great 
difficulty in working with Dicotyledons—the rapid wilting of the 
leaves of the Dicotyledon when the tracheal system is placed under 
tension. This difficulty has been frequently met with in experi¬ 
ments with transpiring Dicotyledons; it is mentioned by Vesque, 
Strasburger, Scheit and Janse and seems very difficult to reconcile 
with the view that normally the transpiring leaf canopy of the 
tree is drawing water out of the tracheal elements against quite 
considerable tensions. 

Apart from this evidence that the transpiring shoot can raise 
water over mercury columns exceeding barometric height the only 
experimental observations in support of continuous liquid columns 
in the tracheae appeared to be those supplied by investigators in 
Professor Benner’s school who have supplied direct evidence for con¬ 
tinuous liquid columns and also for their development of tensions. 
HoUe • examined under the microscope the tracheal system in living 
leaves with a sufficiently transparent vein system and the tracheae 
could be seen to be full of liquid, even when the leaves were wilt¬ 
ing, air only entering them either through cuts opening the tracheae 
or through hydathodes at the maugin. Bode * then made similar 

* A. Ursprung, Ber. der deuteeh. Bot. Oes., 1916, 33, 263. 

• H. HoUe, Flora, 1916, 108 , 78. 

» H. R. Bode, Jahrb. fUr vruu. Bot., 1923, 62 , 92. 
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obsenrations upon the tracheal systems in the young stems of her¬ 
baceous plants, which by manipulation could be made sufficiently 
transparent without damage to the trachess or the living cells 
immediately around them. This evidence is very convincing but 
does not invalidate the very large amount of experimental evidence 
that in the tracheal system of older stems and especially of older 
woody stems, many of the traoheee demonstrably contain some 
gas. These experiments, both by injection methods and by sam¬ 
ples withdrawn with great precaution for microscopic examination, 
are rejected by HoUe and Bode because, from the nature of the 
case, the intact tracheae cannot be examined. 

In a later paragraph it will be argued that the injection experi¬ 
ments are strongly in support of the presence of gas at low pressure 
in many of the tracheae of the woody stem, but similar injection 
expwiments certainly seem to support the view of the German 
oluervers that the tracheal system in the leaf and in young her¬ 
baceous intemodes is usually full of sap. We must now examine 
the evidence for the further view that these liquid columns may 
exert great tensions. This is a development from an early observa¬ 
tion by Renner that if the potometer experiment is set up with a 
shoot which is blocked with wax at the end, the shoot still slowly 
absorbs water (so slowly that the leaves usually wilt) and the bubble 
traveb along the capillary arm. Now if the shoot is cut off short 
above the cork the bubble momentarily springs back a short dis¬ 
tance in the capillary. Reimer explained this as due to the tensions 
in the tracheal system having caused the butt of the shoot in the. 
potometer to contract slightly. When the top of the shoot is cut 
off the tension is released and the rapid increase in diameter of 
the butt of the shoot is responsible for the sudden backward move¬ 
ment of the bubble. Bode confirms this explanation by direct 
observation of the butt of the shoot in a potometer with plane glass 
aides; he finds that the butt of a shoot of Syringa or Lycium 
slowly contracts some 0*3 per cent, as the shoot gradually wilts 
and then recovers this loss in diameter immediately when the top 
of the shoot is out off. 

Similarly, continuing his experiments with potted herbaceous 
plants, he finds that if he pares down the stem until he can get 
individual tracheee under microscopic examination, these tracheae 
contract slowly as the leaves above wilt and then expand again 
when the soil is watered with warm water and the leaves recover. 
The diameter changes in this last type of experiment are small, 
some 2/f in all during the period of observation. If the experi¬ 
mental difficulties are great, however, it would probably be agreed 
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that these experiments are evidence of tensions in the tracheal 
system; it remains to be shown, however, that they are evidence 
of great tensions, such as could not be represented for instance by 
the presence of water vapour in the trachea); here the evidence 
definitely breaks down. 

Bode uses a method utilised by Renner previously. He cuts 
off the shoot, in either type of experiment, and attaches the top 
of the stump to a pump. He then applies suction and as he fails 
to make any impression, in the one case on the diameter of the 
stump of the shoot in the potometer, in the other case on the diameter 
of the trachea, he argues that the tension in the tracheae which 
produces the observed contractions must therefore be so much 
greater than he can apply by the pump. But this argument is 
inadmissible. The living leaf draws water solely from the liquid 
contents of the tracheae, whilst the reduced gas pressure produced 
by the pump is present both at the out ends of the tracheae and in 
the intercellular system in the tissues around them. 

Under these conditions there is no guarantee that there will 
be any pressure diJGferenoe at ail between the interior of the trachea 
and the intercellular space system outside it. In fact, in Bode’s 
two experiments, where the requirement is to bring about a differ¬ 
ence of tension between the inside of the tracheal sjrstem and the 
intercellular space system airound, it can safely be said that no 
such difference can be produced and no contraction is to be expected 
as the result of the manipulation with the pump. We are left 
then with a demonstration of low pressures in the tracheal system 
by Bode’s experiments but no evidence for continuous liquid columns 
under great tension. 

Other observers using potometers have occasionally noted facts 
that would suggest that the trachete in the stems of plants used 
in these experiments actually contain gas under low pressure. 
Thus Vines noted that the leafy shoots in the potometer continued 
to absorb water when most of the leaves were removed and Nord- 
hausen draws attention to the fact that even when most of the 
leafy shoot is removed, as in Benner’s and Bode’s experiments, the 
stump may continue to suck up water. He then proceeds to carry 
out experiments using his own modifications of the potometer in 
which he shows that the stem, with leaves removed, still pulls up 
water with as much force as if the leaves were still present. Nord- 
hausen is thus led to conclude that the living forces in the stem 
ere effective in the ascent of the sap. He gar^^ the force at work 
by the rate at which the plant can pull water through a clay resist¬ 
ance at the base of the out shoot as compared with the rate at 



48 


SOIXNOE FBOaEESS 


which the suction pump can pull water through the same resistance. 
He thus arrives at values of up to 7 atmospheres, though it seems 
open to serious question whether an increase in the force applied 
above the clay resistance would produce a proportional increase 
in the flow of water through the resistance. However, even if 
these estimates be accepted, as pointed out previously (p. 44), they 
are not evidence for the existence of such tensions in the trachese ; 
the tensions may well be due to the suction pressures of the living 
cells in the twig. 

This very brief review of the literature has thus not produced 
any very striking evidence of the existence of high tensions in con¬ 
tinuous liquid columns in the trachese of the tree—nor is it at all 
clear to the writer how such tensions, if present, would provide a 
system moving water up the tree. They would tend surely, as 
pointed out by Nkgeli and Schwendener many years previously, to 
immobilise the water within the series of completely closed elements 
that form the continuous chain from root to leaf, in which all walls 
would tend gradually to dry as the concavity of the liquid meniscus 
increased and its surface withdrew further into the minute pores 
in the walls. However, its theoretical adequacy may wait upon a 
more convincing demonstration of its existence as a mechanism. In 
the next section the observations are described which had awakened 
in the writer doubt as to the adequacy of existing theories to account 
for the movement of water in the tree. 

2. Vessel Diffebentiation and Watbb Movement into the 

Bud 

During the last few years the writer has convinced himself that 
radial growth in the woody shoot of both softwood or Conifer and 
hardwood or Dicotyledon is indissolubly linked with the extension 
growth of the leafy shoots.^ Only when leaves are produced and 
extended and their vein system develops is radial growth resumed 
throughout the woody axis beneath and every longitu dinal file of 
tracheal elements produced in the new wood of trunk and branches, 
if it could be traced upwards, would be found to end in the lateral 
emergences upon the growing shoot. Then in winter, in the decidu¬ 
ous tree, all those longitudinal files of trachese in the trunk and 
branches, which are gradually filling with water, end upwards 
either in the leaf soars on the older wood or in the young primordia 
within the buds. Then as the temperature rises in spring and the 
water in the woody system expands it moves along the wood 
longitudinally—the direction in which water moves most easily_ 

* J. H. Priestley, The Orowing Tree, Report Brit. Assoc., York, 1932. 
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and as all other traoheee are blocked it must ultimately be driven 
into the buds where increased water supply, plus rising temperature, 
causes the bud to resume growth. 

This renewal of growth in the bud is followed, immediately in 
ring porous Dicotyledons, very rapidly in Conifers, more slowly in 
many diffuse porous Dicotyledons, by a renewal of growth basipetally 
over the surface of the old wood down twigs, branches and trunk. 
A method has recently been described * by which this newly formed 
tissue can readily be removed for microscopic examination. Thus 
we have confirmed Bailey’s generalisations * as to the differences 
between cambial activity in softwoods and the bulk of the Dicotyle* 
dons. In the softwood the cambium initial, which cuts off to the 



inside of the cambium ring a series of replicas of itself by tangential 
longitudinal divisions, is a very long, pointed element. In Fig. 1 
the greatly enlaiged end of this cambial element is figured as seen in 
tangential longitudinal view as it thus increases in thickness at right 
angles to the plane of the paper and then is out in two by a wail paral¬ 
lel to the paper surface. Similarly the end of the shorter Dicotyledon 
initial is represented engaged in the same process of expansion, 
and it wiU be seen that one result is that, whilst in the softwood 
no walls can be spoken of as relatively transverse, in the tissue thus 
derived from the cambium initial, in the hardwood such walls are 
present. The next stage in the differentiation of this newly formed 
tissue producing wood is always its vaouolation and transverse 
expansion through the intake of water. It now seems clear why 
in the Dicotyledon this process may be associated with the perfora- 
tipn of some of these relatively transverse cross walls whilst no such 

1J. H. Priestley, L. 1. Scott and M. E. Malins, Proc. LmU PhU. Sac., 
1033, 3, 366. 

*1. W. Bailey, Amer. Joum. of Bot., 1920, 7, 865. 
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walki are present to be perforated in the softwood. Perforation 
seems indubitably to be associated with the transrerse expansion 
of these elements. Naturally it usually occurs in the contiguous 
transverse walls of two elements which are approximately in the 
same vertical line so that one common perforation is thus obtained, 
and such a process of perforation, when once a hole appears in the 
thin “ three-ply ” wall of cellulose, pectin middle lamella, cellulose, 
will spread very rapidly whilst the girth of the cells increases. 

We have been forced to regard the process in this light because 
the “ strip ” method of removing these new tissues from the old 
wood enables us to examine these vessel systems in all stages 
and to follow the same vessels under the microscope for long dis¬ 
tances.^ In large quantities of this material no stage has ever 
been seen between that in which files of elements begin to vacuolate 
and that with the expanded vessel with a series of perforated vessel 
segments, all still with exceedingly thin walls but showing absolutely 
no stages in the process of perforation. The same technique has 
provided convincing evidence that the vessel expansion proceeds 
with considerable displacement of surrounding elements and there 
can be little doubt that the fibres, for instance, which invariably 
accompany vessels in hardwoods but are absent from the wood of 
softwoods, are formed as the result of the compression of other 
relatively undifferentiated cells cut off from the cambium which 
thus become longer than the cambium initials from which they 
are derived. Possibly as the result of the expansion that the vessel 
segments are able to imdergo, by compressing and displacing neigh¬ 
bouring elements and as a result of the tearing of their own transverse 
walls, the liquid contents of the differentiating vessels in hardwoods 
seem to be contained under less pressure than the contents of the 
differentiating tracheids of the softwoods. This is clearly i nd icated 
by a simple test. 

If the bark is stripped from the new wood in May or June and 
a knife blade passed rapidly across the differentiating tissues, in 
the softwood the liquid contents can be seen to spurt out into the 
air. It is thus possible on scratching the surface to feel a fine 
spray on one’s face at a distance of several inches from the surface 
of the wood. On the other hand when the hardwood sur&ce is 
similarly out the liquid oozes out gently from the vessels, there is 
no spray. The only exception to this noted by the writer is a very 
suggestive one ; the differentiating wood of the Dicotyledon, Drimya, 
was found to spray like a softwood, and this tree of course has long 

^ J. H. Priestley, L. I. Scott and M. E. Malins, Proc. Leeds Phil. 8oe 
193S, 3, 42. " 
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oMubium initiak like the softwood and no vessels are formed in the 
wood. On the whole the general connection between long fusiform 
initials and the absence of vessels seems to be definitdiy significant 
in the light of the facts that ate accumulating as to the process 
of xylem differentiation, though the writer is grateful to Dr. L. 
Chalk for drawing his attention to one exception. The hardwood 
species, MiUingtonia hortenaia, has cambium initials equal in length 
to those of the softwood and with very sloping end walls, but one 
of these sloping walls is perforated during differentiation to give an 
exceptionally long and narrow, soalariform perforated, end wall. 
In view of the distinctions that are emerging as to the differences 
between vessel differentiation in diffuse porous and ring porous 
tjq>es, it would seem that transitional types like MiUingtonia Hor¬ 
ten^ and the vessel-less Dicotyledonous genera are to be expected. 

Up till now most observations upon the process of vessel differ¬ 
entiation by the new technique have been made upon the ring 
porous hardwoods. Here the vessels in the trunk are remarkable 
for their large diameter and great length so that their differentiation 
raises problems of great interest. We have recently described how 
the vessel segments here expand rapidly whilst their walls are quite 
thin.^ They perforate before any signs of pitting can be detected 
upon their very thin containing walls. Each vessel segment then 
contains a living protoplast, with a comparatively concentrated 
vacuolar sap to judge from the concentrations required to plasmolyse 
it. Between adjacent protoplasts in the vessel, although the cellu¬ 
lose walls have become perforated, the mucilaginous material of 
the middle lamellae remains for some time so that evidently there 
can be no rapid longitudinal movement of water throughout the 
vessel whilst its contents are thus constituted. The pectin layers 
seem to disappear in time but the proto^fiasts remain throughout 
the process of thickening and lignifioation of the vessel walls, for 
which they are doubtless responmble. They then disappear com¬ 
paratively suddenly as is evidenced by the fact that these vessejs 
which, until then, released a drop of sap when opened, now, if opmed 
under such a liquid as indian ink, inject with great rapidity and 
for great lengths. But before following up this observation we 
must examine the liquid contents of this vessel in relation to Hie 
bud into which this particular tracheal file could certainly be traced 
if it were followed upwards. 

In ring porous trees, as, for example, ash, dm, wych elm, oak, 
laburnum and sweet chestnut, when bud development begins oambial 

^ J. H. Priestley, I«. I. Scott and M. E. Mslms, Proa. Leada PhU. 8oe., 
1936, 3, 42. 
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activity lesumea with extraordinary rapidity all over the tree right 
to the base of the trunk but the buds are very slow in opening. 
The result is that when vessel differentiation begins over the surface 
of tile old wood, an expanding cell finds a cell below it at the same 
stage throughout the whole length of the tree, the result seems to 
be an almost simultaneous extension Of such vessel segments along 
a longitudinal path practically firom twig to base of trunk. Up to 
date we have quite failed to trace the spread of the process of 
differentiation throughout the length of the tree. Amazing as it 
seems the process takes place so rapidly that when vessels are 
found in the branch they will be found in the base of the trunk. 
Another result is that vessel length in these trees is quite exceptional. 
So far as it has proved possible to ascertain, the vessel seems to 
run nearly firom base of the new shoot to the base of the trunk 
without a cross wall. Evidence is always found that a wall cuts 
off the vessel in the leaf trace from the vessel in the branch below, 
but we now have a picture of every tracheal element in the leaf, 
still hidden in the bud, being continued downward in longitudinal 
continuity with an expanded vessel which contains a long file of 
protoplasts all fully expanded with sap, expanded against one 
another and responsible for the expansion of the vessels. 

Incidentally this vessel, very narrow in the slender distal branch, 
may reach a diameter of about one-third of a millimetre in the main 
tn^. Where has this vessel obtained its water firom ? On this 
point there can be no doubt. The osmotically active expanding 
protoplasts have drawn water from the nearest available source,, 
the old wood over the surface of which they lie. In this country 
these ring porous vessels are difierentiating in early May and if 
the bark is removed from these trees at this time with care, so as 
not to damage these delicate tissues, it is then possible to out through 
them into the wood just beneath and thus to demonstrate that 
vessels l 3 dng in the old wood just beneath can be injected with a 
liquid like indian ink for distances of many feet. This injeetion 
was not possible until these new elements differentiated, and if the 
new elements are scraped off in a few days it will no longer be 
possible to inject the old wood underneath. It is difficult to recon¬ 
cile this injection with the idea that these elements lying beneath 
the old wood contain liquid columns under high tensions. Such 
• high tensions would presumably have prevented the vessels outside 
from drawing iixim them the water which they have undoubtedly 
taken from this source. There can really be little doubt but 
these elements have parted with their liquid content by its raffial 
movement to these expanding vessels outside them and are now 
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simply occupied by gas at low pressures, mainly water vapour. A 
more difficult problem is the relation of the water in these expanding 
vessels to the new leaves above. No rapid flow of liquid can take 
place through this file of protoplasts, but as they expand against 
the resistanoe of the surrounffing tissues they mtut certainly reach 
the state of a fully turgid tissue with no suction pressure from which 
water may be withdrawn by living cells with a definite suction 
pressure. But then their protoplasts must gradually become more 
permeable. In time the protoplasts disappear altogether as entities. 
Presumably then some of their contents may be forced out of them, 
but in that case its natural course, as always, will be longitudinal, 
where there are few cross walls, and thus into the leaves; the 
process may well be expedited if the upper protoplasts were differ¬ 
entiated first and then become more permeable first, a condition 
which may perhaps be expected in view of the bc^ipetal resumption 
of cambial activity. 

Later all the liquid contents of these trachese will have dis¬ 
appeared after the protoplasts have broken down, and when these 
newly formed trache® can also be injected to great length and very 
rapidly. This may mean that much of the liquid has moved for¬ 
ward into the transpiring leaves because the trache® certainly con¬ 
nect with the oldest leaves, but outside these vessels are now others 
differentiating in their turn and some of the liquid has probably 
thus been drawn off radially. In the meantime, however, as von 
Hdhnel pointed out years ago, the drain upon the water supplies 
in the older wood has continued and it will be found possible to 
inject the traohe® of iimer rings of wood if they are out open under 
a suitable liquid. But von Hdhnel showed that the injection was 
always most marked in the outermost traohe® and gradually fell 
off inwards although it might be seen in the wood of five or six of 
the outer rings in many trees. 

Presumably much of the water from this long vessel has found 
its way into the leaf with which it stands in such close oonneorion 
and we now have a picture of the movement of water into the 
expanding leaf which is very different to that given by the cohesion 
theory. The old wood is acting as a reservoir of water and instead 
of water moving continuously along a lifeless trachea from living 
root to living leaf it is drawn off laterally from the old wood into 
the differentiating vessels of the new wood and from thence it is 
driven, by processes still requiring further elucidation, into the 
expanding tissues of the young leaves. This system involyes Hie 
interplay of living tissues, engaged in the processes of growth and 
differentiati«m, and the most superficial observation of growing 



SOIBKOB FSOOBBSS 


64 

toeea will show that only those twigs on which buds are growing 
and in which, as a resxilt, radial growth is proceeding, are able to 
riiare in the water supplies of the tree. When trees are grown so 
that their lower branches are in deep shade many of the branches 
feil to grow and it is a fact of common experience that such branches 
not only remain dormant but gradually dry out—^their water sup¬ 
plies are lost either by evaporation or by being drawn off by the 
osmotic systems developing on the surfaces where the wood is still 
growing. 

It may be true that Strasburger, under special experimental 
conditions, foirnd that one poison in succession to another, could 
slowly creep along a presumably dead tracheal system into leaves 
at great height from the ground, but such observations do not 
invalidate the conclusion that the movement of water into growing 
buds is a process which is only effected in a growing tree and by 
a system which requires the collaboration of living differentiating 
systems provided by the processes of radial growth, initiated in 
the bud and now proceeding basipetally down the tree. 

But these observations are as yet an isolated contribution to 
the movement of water in the tree. The fact that the older lignified 
tracheee soon inject with liquids with great speeds and to great 
heights has made the present writer sceptical of the existence of 
the liquid columns imder high tensions postulated by the advocates 
of the cohesion theory, but the fact itself does not provide an 
explanation as to how the water moves in the tree. There seems 
little doubt ffom a trial of injection methods at different times .of 
day and different seasons that these trachese fill up again particu¬ 
larly at night or during rainy weather, but there is as yet no explan¬ 
ation of the mechanism involved and, in particular, we lack an 
explanation of the machinery by which the wood of the tree regains 
its water content during the winter months. It is true that, tf the 
supply from the root is in excess of the loss from the leafy crown, 
sap may again be present in excess at the lower ends of the traohew 
in the trunk and that these tracheae would then rapidly fill n gftjn 
as they do when injected with aqueous fluid experimentally. But 
this does not explain how water can once more fill these astonish¬ 
ing vessels m the trunk of ring porous trees which appear to be 
well over 34 feet in length, nor does it explain how, above this height, 
water can move from one closed trachea of a difiiise porous system 
into another, without draining away down walls and intercellular 
spaces in the process. 

In diffuse porous woods, in which radial growth has been oom- 
parstavely slow in its basipetal progress down the surface of the 
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old wood, the veaeete as they differentiated probably only found 
oomparatively short longitudinal files of cells at the same stage of 
differentiation at the same moment. In any case in these woods, 
Tessels are comparatively short, a few inches to a few feet in length, 
and vessel ends are readily recognisable in macerated wood fix>m 
any regions of such trees. In such trees it is clear that the problem'* 
of sap ascent raises the question of the rapid refilling of longitudinal 
files of such vessels. At the same time these diffuse porous woods 
enable injection experiments to be carried out which seem to give 
indubitable proof of the presence of numerous vessels with gaseous 
contents at very low pressure. In the ring porous types, when a 
vessel is injected, the liquid rushes up 20 feet in a few seconds. 
It may be possible to ai^e that this vessel originally contained 
liquid at high tension and that this liquid has now been displaced 
into the leaves and roots, though the explanation will hardly sur¬ 
vive an extensive experience of this type of injection experiment. 
But in the diffuse porous t 3 rpes a piece of branch may be isolated 
from all roots and leaf sysfoms without a number of the closed 
vessel systems being opened in the process. If this is done in early 
summer and the bark then removed from this piece of branch it is 
possible to inject these trachess all roimd the branch, the injections 
proceeding as rapidly as the circuit is completed as when the liquid 
shot into the first tracheae to be out open. In this case it is quite 
impossible to account for the whereabouts of the displaced liquid 
if the injected elements are assumed to have originally contained 
liquid under tension. The tracheae must evidently have contained 
gas at low pressure. 

The structure of the wall of the trachea explains fully how that, 
once full, it can retain its liquid contents and that the temporary 
formation of a continuous liquid column hanging from the highest 
trachea, even of a 380-foot tree, would not be likely to develop 
tensions dragging the water out of the trachea, but it is not yet 
clear what is the force that moves the water continuously upward 
or retains it in the wood above the barometric height under such 
conditions that it is free to be sacked into tracheal elements at this 
height that previously contained nothing but water vapour. 

One point must certainly be remembered. Other elements in 
the sap wood, in which water movement takes place, are always 
the living oeU of ray and wood parenchyma. These cells contain 
starch, which is a potential source of sugar, or sugar itself, whidh, 
if released into the water in the trachesa, will undoubtedly tend to 
draw water into the tracheal elements by osmotic action. During 
the winter of 1983-34, Drs. R. D. Preston and W. E. Berry made 
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observations for me upon the sugar content of comparable quanti* 
lies of water sucked through twigs of the poplar which were out 
from the tree every few weeks. These observations, though pre¬ 
liminary in nature, showed definite evidence of the presence of 
increasing quantities of sugar in the tracheal elements just at the 
time, before radial growth starts, when the water table in the tree 
appears to be rising most rapidly. Dr. R. D. Preston has also car¬ 
ried out a considerable amount of experimental work which shows 
clearly that the lignified walls of the wood may behave as an 
imperfect semi-permeable membrane with respect to sugar solutions. 

These are only hints, we can offer no. satisfactory solution of the 
old problem as to how the sap is carried from root to leaf throughout 
the season in trees of which the canopy is spread at heights well 
above that to which water can be carried by the lifting pressure 
of the atmosphere. Our main thesis has been twofold : (I) that the 
cohesion hypothesis does not rest upon a satisfactory experimental 
basis, and that (2) the movement of water into the expanding 
leaves in spring is associated with processes of growth and differ¬ 
entiation both in leaf and woody axis, which are entirely neglected 
at present in the orthodox treatment of the problems of sap ascent. 
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THE INSTITUTE OF PHYSICS CONFERENCE 
By H, LOWERY, M.Ed., Ph.D., F.Inst.P. 

Htnd of the Dopartmont of i*firo and Applied Phyttie*, CoUepo of Toehnoton, UnimrnUy of ManehotUr; 

Honorary Soerrtary, Alaneheator and Hiatriet Local Sceiim of thr ImtUuUi of Phyaieo. 

Tkb Institute of Physics, since its foundation in 1918, has con¬ 
sistently endeavoured, among other things, to co-ordinate the 
activities of physicists engaged in pure research and in industry. 
The numerous lectures on Physics in Industry which it has arranged 
and published from time to time have been universally regarded 
as providing valuable surveys of the methods of investigation and 
the achievements in the various special departments of commercial 
work to which they refer. In order the more to emphasise, both 
to experts and laymen, the important part which Physics plays in 
modem indiistrial life and to provide a common meeting ground for 
all those whose activities involve Physios, the Institute organised 
a Conference in Manchester at the end of March, 1935, the special 
subject of which was Vacuum Devices in Research and Industry. 
Accommodation and laboratory facilities were provided by the 
University of Manchester, and the local arrangements were in the 
hands of the Manchester and District Local Section of the Institute 
of Physios which is at present the only local section of the Institute 
in this country. The Chairman of the Local Section, Professor 
W. L. Bragg, F.R.S., presided over the Conference. 

After the formal opening on March 28, by Sir William Gate 
Lees and the Vice-ChanoeUor of the University, lectures, demon¬ 
strations and discussions were held, during the course of which the 
applications of vacuum devices specially adapted for specific indus¬ 
trial purposes were described by experts from leading industrial 
concerns. An important feature of the Conference was the holding 
of an exhibition of apparatus, instruments and books showing how 
vacuum devices such as the photo-cell and cathode ray tube have 
now developed into reliable industrial tools. In oonnecticm with 
the Conference, visits were paid to the research laboratones and 
works of Messrs. Metropolitan-Vickers Electrical Company, Limited, 
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also to the Shirley Institute of the C!otton Industry Research 
Association, Messrs. Tootal, Broadhurst Lee Co., Ltd., and the 
Post Office Telephones. 

Public interest in the Conference was aroused through a broad¬ 
cast talk by Professor W. L. Bragg from the B.B.C. North Regional 
Station, and a Public Lecture on Cathode Ray Tubes in Industry 
by Mr. R. A. Watson Watt, Superintendent of the Radio Depart¬ 
ment, National Physical Laboratory. Members of the public and 
pupils from the local schools were admitted to the exhibition on 
the last day. 

The social events included a Conference dinner in the College of 
Technology, presided over by the President of the Institute, Sir 
Henry G. Lyons. The guests included the Lord Mayor and Lady 
Mayoress of Manchester and other distinguished persons. 

Altogether, about 600 members attended the Conference, and 
nearly 3,600 persons visited the Exhibition. 

As the lectures given at the Conference are not being published, 
a summary of the chief points raised is given below. 

The subject of “ Modem Electrical Illuminating Devices ” was 
introduced by Mr. J. W. Ryde of the General Electric Company, 
Limited, who pointed out that, until the beginning of the present 
century, practical sources of illumination depended on temperature 
radiation, a characteristic of which is the emission of radiation over 
a large range of wave-lengths accompanied by a distribution of 
energy with a maximum value at a wave-length depending on the 
temperature. After remarking on the recent improvement .of 
16 per cent, to 20 per cent, effected in the efficiency of tungsten 
filament gas lamps by respiralling the spiral filament, he proceeded 
to discuss the production of light by electric discharges through 
gaees. Here the radiation is restricted to a few isolated wave¬ 
lengths only which are independent of temperature but which 
may, of cotrrse, occur in an unwanted region of the spectrum. 
Discharge lamps may be classified according as they require high 
tension or ordinary supply voltages. The former include carbon 
dioxide tubes giving light similar to daylight which may be used 
for colour matching, and the well-known tubes for advertising and 
display. The light output per unit length is, however, not sufficient 
for use in optical systems. Hot cathode tubes, in which the electrons 
consist of heated oxides, enable large currents to be passed and may 
be run directly off the mains. They are from 60 to 100 times 
brighter than the earlier discharge tubes and are particularly suit¬ 
able for floodlighting. High pressure mercury vapour lamps give 
light deficient only in red. Their efficiency is about three f^es 
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that of the filament lamp and over 5,000 are already in use for 
street lighting. 

“ The Applications of Photo-Electric Cells ” were dealt with by 
Mr. T. M. C. Lance, of Messrs. Baird Television, Limited, and 
Mr. B. C. Walker of the General Electric Company, Limited. The 
difficulties of amplifying faithfully the current due to light changes' 
from 10 to 200,000 times per sec. were discussed and some details 
given regarding the experimental technique involved. Reference 
was made to the use of photo-cells in special oases of timing and 
counting, in smoke detection for factory chimneys and in alarms 
and safety controls. Their use and limitations in colour matching 
problems were also considered. 

Among the many impressive features of interest at the Con¬ 
ference, pride of place must undoubtedly be given to the cathode 
ray tube which, while having served the pure physicist faithfully in 
one form or another as an accurate measuring instrument for at 
least 40 years, has now entered into a new sphere of utility as an 
industrial tool. The properties of the cathode ray tube rendering 
it particularly suitable for industrial purposes were discussed by 
Mr. L. H. Bedford of the firm of Messrs. A. C. Cossor, Limited, while 
some appUcations of the tube were described at the public lecture 
by Mr. Watson Watt. During his remarks, Mr. Bedford emphasised 
that the cathode ray tube is merely a two-dimensional recording 
instrument with an extraordinarily high frequency range, and its 
purpose is to record oscillatory phenomena of every type such as 
the wave forms of electric power supply, speech, music, atmospherics, 
electro-cardiograms and engine indicator diagrams. The recent 
application to television has resulted in the development of a new 
technique involving the use of special high vacuum tubes together 
with a new form of time base in which hard valves are employed, 
thus dispensing entirely with gas discharge devices. Numerous 
exhibits at the exhibition served to enforce the special points brought 
forward by Mr. Bedford. 

A very important vacuum device developed oidy during the last 
two or three years is the tbyratron or grid-controlled mercury 
vapour rectifier, already an appliance which has proved of immense 
value in the precise control of the speed of electric motors, voltage 
control of electric generators, dimming of lighting systems and 
resistance control of electric welding. 

In discussing the thyratron, Messrs. L. J. Davies and A. L. 
Whiteley of the British Thomson-Houston Company, Limited, drew 
Attention to the fact that until the advent of this device, the method 
of interrupting on electric oirottit was fundamentally the same as 
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Faraday might have used a hundred years ago, that is, by the 
meohanioal separation of conductors. Definite limitation in the 
firequenoy and accuracy with which a current can be started and 
stopped are inherent in this mechanical method, the maximum 
number of interruptions per minute being only of the order 200-300. 
With the thyratron, 1,600 interruptions per minute are easily attain¬ 
able, while much larger currents can be handled than was tlie case 
previously. 

The spectacular development of the applications of high voltages 
to research purposes was described by Dr. J. D. Cockcroft of the 
Cavendish Laboratory, Cambridge. He pointed out that while in 
1928 voltages greater than 200 kilo-volts had not been applied to 
vacuum tubes, in 1934 success had been achieved with tubes working 
under a million volts ; further, prospects are favom^ble for an 
immediate increase to 2,000,000 volts. Large power tubes depend 
mainly on the production of high vacua on an engineering scale, 
the metal pumps of to-day having a hundred times the pumping 
capacity of the glass pumps formerly in use in physical laboratories. 
Apparatus is now connected by large-diameter welded steel pipes. 
The general principles involved in the construction of high voltage 
tubes indicate the necessity of subdividing the vacuum units so 
that no section has to withstand more than 600 kilo-volts ; insulating 
surfaces must be outside the strongest parts of the electric fields 
and the electrodes must be designed so that electrons are prevented 
from leaving them under the action of the fields, otherwise destruc¬ 
tive discharges may be initiated. To prevent the passage of sparks 
down the outside, the apparatus has to be of large dimensions, some 
tubes being 16 feet in length. The laboratory has also to be spacious 
and in one ewe will be 100 feet high. In the future, it may be 
necessary to immerse the apparatus in oil or build it entirely in the 
open air. 

The construction of such high voltage plant immediately opens 
up new fields of investigation, some of great industrial importance. 
Among these may be mentioned the production of high voltage 
X-rays for medical purposes. The most useful radiations from radio¬ 
active sources are gamma rays of about 2,000,000 volts energy. 
With high voltage X-ray tubes a steady increase towards this 
energy has recently been made, tubes operating at a million volts 
being already in use. Higher voltages imply an increase in the 
penetrating power of the rays, and since the beams of X-rays of 
higher energy strike their targets with less scatter to surrounding 
tissues, the recent increases in energy enable larger doses ” of 
radiation to be applied without harm. 
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Another valuable industrial application of high voltage tubes lies 
in the production of rectifiers containing mercury vapour which 
seem likely to enable D.C. voltages to be stepped up and down com¬ 
paratively easily and thereby render D.C. transmission practicable. 

The popular press quite naturally seized upon Dr. Cockcroft’s 
remarks concerning the use of high voltages in producing trans¬ 
mutations of matter, particularly in regard to the generation of 
“ artificial radioactivity.” While work in this field is likely to 
develop rapidly, it is too early yet to predict possible industrial 
consequences. 

Dr. G. Shearer of the National Physical Laboratory gave an 
account of the utility of X-rays in industry, referring to both 
radiography and X-ray spectrometry. He pointed out among other 
things that X-rays have revealed that nearly all solids are crystalline 
in character. Moreover, X-rays can give fundamental information 
about the structure of metals, chemicals, bricks and clay, paints, 
vegetable and animal fibres, textiles, rubber, mineral ores and 
the like. 

In conclusion, it may be remarked that the Conference was so 
successful that many individuals and firms have expressed a desire 
that further Conferences on similar lines should be held in the 
near future. 



AN HISTORICAL ACCOUNT OF PHARAOH’S 

SERPENTS 

By H. IRVINO, M.A., D.Phh,., A.I.C.. L.R.A.M. 

DemonHraior in the Old Chemistry Department, Oxford 

Almost a hundred and twenty years ago, Porret [1] described the 
preparation of a new “ red tinging acid which formed with 
protoxide of mercury an insoluble white salt which he called 
“ sulphuretted chyazate of mercury.” 

An aqueous solution of this acid—tliiocyanic acid—was later 
prepared by Berzelius [2] by distilling ammonium thiocyanate with 
concentrate sulphuric acid. Since cyanogen (CN)t had recently 
been obtained by Gay Lussac [3] by heating mercuric cyanide, 
Berzelius naturally hoped to obtain thiocyanogen (CNS)a by the 
action of heat upon the mercury thiocyanate prepared by neutralising 
the parent acid with mercuric oxide. His expectations were not, 
however, realised,' for carbon disulphide and nitrogen were evolved 
and cinnabar sublimed. Distilled with one-third of its weight of 
sulphur, however, the salt decomposed violently, forming carbpn 
disulphide, cyanogen and nitrogen, and a black, porous, pumice-like 
mass was formed in such abundance that the apparatus was broken 
open. 

In the same year, Wdhler [4] attempted to prepare anhydrous 
tbiocyanic acid by the action of sulphuretted hydrogen upon 
mercury thiocyanate, and was actually the first to record the very 
characteristic snake-like development of the residue * formed when 
this salt is allowed to bum in the air. He writes: “ Erhitz man 
68 gelinde, so schwillt es pldtzUch, sich gleichsam aus sich selbst 
in wurmartigen Qestalten windend, um das Vielfach seines vorigen 
Umfangs auf. ...” 

' Thiocyanogen was not obtained until 1919 when SCderbAok prepared it 
by the action of bromine upon lead thiocyanate. It forms colourless crystals 
m-p. — 2 to — 3® C. 

• This amorphous residue “ mellon ” formed the subject of numerous 
researches by Liebig, Qerhardt, etc. The originally proposed formula C«N 4 
was later amended to but its constitution has not yet been thoroughly 

established. Of. Franklin, 1922, 44, 606. 
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Wdhler’s mercury thiocyanate was oertainly not a pure compound 
for his method of preparing it “ durch Vermischung einer Aufldsung 
von Sohwefel-Cyankalium mit der Aufldsung von saltpetersaurem 
Queoksilber Oxydul ” was shown by Hermes [6] to yield not 
mercurous thiocyanate, but a mixture of mercuric thiocyanate and 
metallic mercury which is much less combustible than the pure 
mercuric salt which is readUy ignited by a match. 

The existence of mercurous thiocyanate was, indeed, for a long 
time a matter of controversy (cf. Hermes [6]) until Phillips [7] 
described the conditions essential to its formation. The latter 
points out that although the mercurous salt swells up like the 
mercuric salt on heating, the residue does not develop the same 
snake-like convolutions. It is of interest to note that the com¬ 
pounds HgQ(SCN) and HgBr(SCN) also intumesoe on heating [8], 
whilst the selenium compounds Hgi(SeCN)t and Hg(SeCN)i behave 
exactly like their sulphur analogues [9]. 

More than forty years elapsed before the commercial possibilities 
of Wohler’s interesting observation were realised by one Barnett 
and we then read of a new conjuring trick exhibited in Paris in 1866 
in which the magical materialisation of “ serpents de Pharaon ” 
was undoubtedly to be attributed to small pellets of mercuric 
thiocyanate which thus appeared for the first time under this now 
familiar synonym [10]. 

On the Continent the new playthings rapidly became popular 
and they appeared simultaneously in Germany as “ Pharao- 
schlangen ” or “ Biesensohlangen ” and in Italy as “ serpenti 
Indiani.” In England, Fred Tolhausen [11] sealed a Patent in 
March 1866 for the manufacture of a “ firework composed . . . 
of Bulphocyanate of mercury.” 

However much one may admire the commercial acumen which 
so ingeniously described the tiny pellets of mercury thiocyanate as 
” Pharaoh’s Serpents ” eggs, one feels bound to deplore that felicity 
of description is not here wedded to an equally exact display of 
erudition. For though in Exodus [12] we read that Aaron ” oast 
down his rod before Pharaoh . . . and it became a serpent,” and 
that the magicians of Egypt ” also did in like manner with their 
enchantments. For they oast down every man his rod, and they 
became serpents : but Aaron’s rod swallowed up their rods,” it is 
clear that these serpents had nothing pyrogenic in their origin or 
behaviour. 

Furthermore, the " fiery serpents ” of Numbers [13] which 
“ bit the people: and much people of Israel died ” had equally 
no relation to Pharaoh, and indeed harassed the Israelites at a 
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time when their viciBsitudeB under his rule could have been little 
more than a memory. 

In view perhapB of such inconsistencies, Eulenberg [14] adopts 
the description “ Phanarechlangen,” deriving this from the Greek 
qxwaQiov (t.e. little flames, or lights) : this derivation, however, 
if not due solely to some typographical error or another, can scarcely 
be regarded as anything more than a philological jeu (Vesprit. 

In 1882, H. Fleck [15] designated tiny pellets of mercuric 
thiocyanate as “ Hinterladen ’’ (i.e. breech-loaders), referring 
doubtless to the contemporary scatological humour which applauded 
their insertion, prior to their ignition, in the manner of a sup¬ 
pository ^ into the anus of a grotesque porcelain miniature 
(choleramdnnchen ). 

A recrudescence of this essentially Teutonic humour appears at 
intervals in this country in the guise of porcelain Chinamen which 
develop abundant black pig-tails, or, less delicately, of china pigs 
from which sprout phenomenally long and curly tails. 

The poisonous properties of Pharaoh’s Serpents were soon dis¬ 
covered, for the manufactured articles which consisted of cone- 
shaped fragments of the mercury salt wrapped in silver paper (tin- 
foil) were easily confused with a sweetmeat or bon-bon. “ Prince O/* 
is said to have very narrowly escaped death as a result of such a 
mistake [16], and his indiscriminate gourmandising certainly had a 
fatal effect upon an intestinal tape-worm which he harboured. 

Since up to 1904 no actual deaths had resulted in Germany from 
the internal administration of mercuric thiocyanate, and but few. 
cases of poisoning with serious or fatal consequences had been 
reported from elsewhere, the practical efficiency of the antidotes 
proposed by Helbig [17] and Th. Husemann [18] has not been 
adequately tested. 

In order to promote their steady combustion it became customary 
for the manufacturer of Pharaoh’s Serpents to add some 2 per cent, of 
potassium chlorate or nitrate. This certainly tended to increase the 
amount of free mercury vapour and was therefore discountenanced 
by many authorities [19]. 

On the other hand, Fleck [16] showed experimentally that during 
the combustion of one serpent’s egg in a room, a process which 
occupied a minute, a negligible quantity only (0 00038 g.) of mercury 

» 

^ SuppoBitory : a medicated capsule of gelatine, etc., which when intro¬ 
duced into the anus or vagina melts therein and releases the medicaments 
(e.g. oil of theolnoma, phenols, morphine, quinine) contained in it. Sup¬ 
positories are used nowadays in cases of acute constipation, for treatment .of 
vaginal and uterine disorders and in contraceptive practice. 
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rapour was inhaled. Haaemann [20] confirms this opinion and 
avers that, in such concentrations, the gaseous products of the com¬ 
bustion become dangerous only to those whose personal idiosyncrasies 
render them peculiarly sensitive to mercurial poisoning.^ 

On account of the more imagined than real dangers of poisoning 
arising from the combustion of Pharaoh*s Serpents, substitutes have 
from time to time been proposed. 

Thus a mixture of potassium bichromate (2 parts), potassium 
nitrate (1 part), and white sugar (3 parts) was described in 1871 by 
Dr. Puscher [21], and Dr. Bersch recommends a mixture of am¬ 
monium bichromate (1 part), sugar (2 parts), potassium nitrate 
(1 part) and enough Peru balsam to yield a plastic mass. 

Quite an elaborate substitute is described by Donath [22]. 
Cigar ash heaped up in the form of a cone is covered with three or 
four Emser Pastilles,* soaked in spirit, and ignited. The mound 
burns like a wick and just as the flame is about to go out an 
adventurous serpent, corpulent and revolting, crawls out from the 
ash . . .” According to Helbig [17], the expensive Emser Pastilles 
may be replaced by a mixture of sodium bicarbonate (0*1 g.), sugar 
(0-9 g.), and tragacanth (0*03 g,). 

The most, and perhaps the only effective substitute, and one 
which has been extensively adopted by the Trade, was first described 
by Vorbringer [23] so long ago as 1867. It consists of a resinous 
material obtaincnl by the action of fuming nitric acnd upon certain 
by-products of coal-tar distillation which, when ignited, exhibits 
“ in hohem Grade die Eigensohaft des Rhodanquecksilbers, sich in 
seinem Volumen bedeutend zu vergroBem. Ein Kegel von I"" 
Lknge eine Schlange von 4' lieferte.'' The preparation of this 
material is discussed by Vanino [24] and Musprat [25]. 

Pharaoh’s Serpents appear to be perennially popular and a com¬ 
parison of the earliest recorded analyses [10] with those of Dr. 
Vanino in 1904 [24] and with some analyses carried out by the 
author upon various contemporary specimens of Snakes in the 
Grass,” etc., reveal but little evidence of evolutionary tendencies 
among these Reptilia. 

The modern ” eggs ” exhibit perhaps a more elaborate structure. 
In some, a foundation of sodium bicarbonate and sugar is overlaid 
with a resinous material which has the properties described by 

^ Ct Stock, The Hydridee of Boron and SUioon^ Comell Univewity Press, 
1938, pp, 19, 208 f. 

* Emser Salx, consisting essentially of soditun chlorate (1 part) and 
soditun bicarbonate (2 parts), takes its name from the hot alkaline springs 
of Ems, a Qerman Spa near Coblens. 
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Vorbringer, and the top of the cone is famished with a mixture of 
picric acid and aluminium powder. In others, an inner cone of 
mercuric thiocyanate, admixed with a small amount of potassium 
chlorate, is overlaid with a layer of ammonium bichromate which 
furnishes the “ grass from which the “ snake ” subsequently creeps. 
This combination is by far the most effective. Following the 
prescription of Bottger [ 26 ], a spotted or a jet-black snake may be 
made by impregnating the mercury salt with an alcoholic solution 
of shellac, or dammar-resin respectively. 
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DATING THE ICE AGE IN BRITAIN 

By william J. McCALLIEN, D.Sc., F.R.S.E. 

The VnivereUyt OUugow 

In the study of the rocks which make up the crust of the Earth 
the geologist has arrived at many ways of estimating time. On 
the whole, however, the methods allow of only approximate dates 
being given, but for all practical purposes the results are sufficiently 
accurate. There has been discovered one method of estimating 
the ages of certain sediments which is so exact that it enables us 
to tell the actual year in which the material was deposited. This 
is the method of the Swedish geologist Baron Gerard de Geer, and 
it has been extended by de Geer and his active pupils to most parts 
of the world. Baron de Geer came to Scotland in the autumn of 
1934 in connection with the Centenary of the Geological Society of 
Edinburgh and since then he has published a paper ^ on the date 
of the Ice Age in this country. This paper, which is the first attempt 
to apply his method to the glaciation of Britain, opens up problems 
of great importance to geologists, biologists and archaologists. 
The present writer doubts if de Geer will find many supporters 
among British geologists for the views which he has expressed. 

Before discussing the problem of the correlation of British and 
Scandinavian ice sheets which forms the basis of de Geer’s dating, 
it will be pertinent to consider briefly first of all the method by 
which de Geer calculates glacial and post-glacial time. The type 
of sediment used in his studies is the time-recording clay called 
“ varve,” a term of Swedish origin meaning a turn or revolution, 
such as the complete round of the hands of a clock. Varved deposits 
are those in which the deposit of one year is distinctly marked off 
from the deposits of the preceding and following years. Although 
not restricted to glacial deposits, the finest and most abundant 
verves are undoubtedly of glacial origin. 

The necessary condition for the formation of varved clays is 
a periodic supply of material, a large supply in summer and a 

^ “ Dating of late-Olaoial Clay Verves in Scotland,** by Gerard de Gear, 
IVoc. Hoy. Hoc. BdinXmrgh, LV, Pt. I,— No. 2, 1936, p. 23. 
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small or no supply in winter. In varved clays of glacial origin, 
each layer during deposition in a lake stood in close relationship 
to the border of the ice. The material was carried to the lake by 
rivers of melt water. On entering the lake the coarse material 
was deposited as a delta, the finer material, consisting of sand and 
mud, being spread out fanwise in the waters of the lake. Of this 
fine material the sand was deposited first, the clay remaining longer 
in suspension. During the summer when the araoimt of ice melt* 
ing was at its maximum, a great quantity of sand and mud reached 
the lake. Most of the clay, however, remained in suspension until 
the winter, and when there was no melting and the sxirface of the 
lake was frozen over this clay was deposited. 

As the edge of the ice melted back a new part of the area became 
ice-free and so each subsequent varve was laid down over the ends 
of the older varves. As the distance of deposition of the material 
from the mouths of the sub-glacial rivers increased so the varves 
decreased in thickness and in size of grain, their relative thicknesses, 
however, remaining constant. 

Varve clays such as we have just described are known to be 
forming at the present day in Lake Louise in the Canadian Rookies, 
where they have been studied by W. A. Johnston. 

According to de Geer, since the melting of the ice and, there¬ 
fore, the thicknesses of the varves are controlled by the summer 
temperature, the deposit of any year in one locality can be matched 
with the deposit of the same year in another locality. In this 
way correlation can be made from one place to another, and gaps 
in the sequence can be bridged by finding the corresponding section 
in another locality. De Geer actually believes the varves are 
capable of identification all over the world, and already he has 
made correlations between his type sections in Sweden and sections 
from across the Atlantic and from the Himalaya. He began his 
life work as long ago as 1878, but it was not till 1904 that he suc¬ 
ceeded in getting a successful correlation between two sections one 
kilometre apart. 

In order to correlate in a convenient form the varves in one 
place with those at another, the record of each station is translated 
into a curve with the succession of layers entered on the abscissa 
and the thickness of each layer indicated on the ordinate (Fig. 1). 
On such a curve thick layers have high points, and thin layers have 
low points. For the purpose of his Scottish correlation which he 
has just published in the paper referred to, de Geer was furnished 
with a varve-measurement from near Dunning in the valley of the 
River Earn, by Dr. J. B. Simpson of the Geological Survey of 
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Scotland. This section contained 59 annual layers and its curve 
is shown in Fig. 1. De Geer considers that the agreement between 
this curve and another from Lyngby, about 6 kilometres north- 
north-west of Copenhagen, is e ufficient for us to say that the varves 
in these two localities were deposited in the same years. In this 



Fio. I,—The varve aeciionn at Dunning, Scotland, and at Lyngby, Denmark, 
compared with one another (do Goer). 


way the Scottish clays from Dunning are dated by de Geer at 
from 4,.313 to 4,371 years before the end of the Ice Age in Sweden. 
The end of the Ice Age in Sweden is dated at 8,700 years before the 
present century. That is to say, the Dunning clays were deposited 
at from 13,048 to 13,106 years ago. It will be seen from Fig. 2 
that de Geer correlates clays deposited during the District or Moraine 
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Fro. 2.—The Swedish Time-Seale with de^Qeer’e interpretation of the age of 

the Dunning Varves. 


Glaciation of the Highlands with the Gotiglaoial phase of the retreat 
of the Fourth Glaciation in the Baltic region. So confident is de 
Geer that his conclusion is correct that he states in the concluding 
paragraph of his paper that, “ Now that it has been possible to 
obtain accurate teleconneotion between Late Quaternary varves 
in Scotland and the Swedish time-scale, it seems highly desirable 
by continued varve-measurements to elaborate a closer paraUelisa- 
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tion concerning other stages of the last deglaciation of Scotland and 
other countries.” 

The correlation of the British and Scandinavian and Alpine 
glaciations has been attempted by a great number of people not 
all of whom were geologists. The correlations have not always 
been very happy and no useful purpose would be served by attempt¬ 
ing to review them here. SulRce it to say that the present writer’s 
views are based primarily on the work of Professor J. Kaye Charles- 
worth of Belfast University, who has done more than any other 
glacialist to bring order out of chaos in this connection. 

Without dealing with the Older Drift glaciation of the British 
Isles, the stages in the retreat of the Fourth Glaciation are those 
which we shall correlate with the phases in the retreat of the Fourth 
Glaciation in the Baltic region. In the British Isles these stages 
are the Newer Drift itself, the N.E. Antrim-Isle of Man-Cumber- 
land stage, the Lammermuir-Stranraer stage and the District or 
Moraine stage. In the Baltic region, as indicated in Fig. 2, the 
Fourth Glaciation consisted of at least three stages, the Daniglacial, 
Gotiglacial, and Finiglacial stages, followed by the Post-Glacial 
phase. Without going into detail it would seem that (1) the District 
Glaciation of Britain corresponds to the Post-Glacial of Scandinavia, 
(2) that the Lammermuir-Stranraer stage corresponds to the 
Finiglacial phase and (3) the N.E. Antrim-lsle of Man-Cumber- 
land stage corresponds to the Gotiglacial phase. 

The varve-section on which de Geer has based his Scottish- 
Baltic correlation is exposed on the right bank of the River Earn, 
Perthshire, three-quarters of a mile downstream from Dalreoch 
Bridge, near Dunning, and according to Dr. Simpson when the 
Dalreoch varves were formed the glacier occupying the valley of 
the Earn probably had its front in the vicinity of Auchterarder, 
or it may have retired as far as Crieff. According to the correla¬ 
tions suggested above the present writer would expect the Dalreoch 
clays to be matched by clays of younger date than the Finiglacial 
phase, actually in the Post-Glacial stage of the Swedish geologists. 
This agrees with the suggestion of Dr. Simpson himself that the 
oscillation of the glacier responsible for the deposition of moraine 
over the varve clays may be correlated with an oscillation of the 
ice at Cochrane in Canada which de Geer has placed in the Post- 
Glacial stage, nearly 1,000 years after the end of the loe Age (7,735 
years a^). 

De Geer’s pupil Antevs has already pointed out several reasons 
for not believing that varve-agreements, such as are indicated in 
Fig. 1, necessarily meern the contemporaneity of the deposits. 
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The conclusions expressed here that the District Glaciation 
began some 9,000 years ago, and that the Dunning clays are 
younger than this, receives a certain amount of support from the 
study of the Late-Glacial sea level. The 100-foot beach in Scotland 
is generally believed to be synchronous with the Yoldia Sea in the 
Baltic, and the latter existed when the Scandinavian ice stood at 
the position of the Ba and Salpausselka moraines at the beginning 
of the Finiglacial phase. This, however, was the final stage in the 
100-foot sea in Scotland, for we know that before the end of the 
District Glaciation the sea level had fallen from 100 feet to about 
30 feet above present sea level. 

In Scandinavia the Yoldia Sea was brought to an end by an 
uplift of the land, and a new phase, the Ancylus Lake, of rather 
long duration was ushered in. This came to an end about 5000 B.o. 
by the opening up of direct connection between the Baltic and the 
North Sea. Then began the Littorina phase which we correlate 
with the Mesolithic 26-foot raised beach of Scotland. The maximum 
of this transgression is believed to have existed about 4000 B.o., 
and this point is of considerable importance, for it was at this time, 
or shortly before it, that man appears to have arrived in Scotland. 



RECENT ADVANCES IN SCIENCE 


MATHEMATICS. By E. MAiTLitND Wbight, M.A., D.Fhil., Chiiat 
Church, Oxford. 

Van dbr Corput’s Method. —large number of problems in the 
theory of numbers are concerned with the order of certain functions 
as the argument tends to infinity. Many of these problems can be 
reduced to the problem of finding an upper bound for a sura of the 
form 

S .(1) 

a ^ n b 

where/(n) is a real function. In the last resort we can only say that 

I S e ^6-0,.(2) 


is the crude approximation. But van der Corput has shown that 
under suitable conditions a sum of the form (1) can be made to 
depend on another sum of the same form but with different elements, 
such that the crude approximation (2) applied to the second sum 
gives an upper bound for the first sum which is far from crude. 
Van der Corput used the following two theorems : 

A. If fM is a real function, and p ia a positive integer not exceed¬ 
ing b — a, then 


2 =o/ 


a ^ M £ 6 \ 

. Vp / ( P 8^1 


B. Let f(z) be a real function with continuous differential coeffi¬ 
cients of the first three orders which satisfy the following conditions: 

(i) f{z) ia steadily decreasing in the interval {a, 6), 

(ii) m, | f'(x) | < Am„ 

(ui) I /"'(x) I < Aw,. 

Letf{b) — 0 Lyf{a) = and n„ be such thalf{nj) — v {an integer) 
for a ^ p. Then 


a ^ w 6 




g2iri(/(n^) - vn^) 


a ^ V 




4- 0(m,-») 


+ 0(log {2 + (6 — + 0((6 — 
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It is easily Been that A by itself is of no use, but if we use the crude 
approximation in the sum on the right of the equation in B we shall 
obtain an inequality of the form 


a i^m ^ b 


»&•) 


+ . . 

m,* ) 


+ . 


The best form of this result is the following theorem, which 
owes its final shape to Titchmarsh and which can be proved inde¬ 
pendently of B : 

B'. If f{x) ia real and has continuous first and second differenticd 
coefficients and f"(x) ^ r (or ^ — r) throughout the interval (a, b) 
then 

2 = qU'S^) -f of ~Y 

a <.n<:b \ Vr ) \Vr/ 


By repeated u«e of A followed by an application of B' we obtain 
the following useful theorem : 

Theorem. Let k be a positive integer, K = f(x) a real func¬ 
tion with continuous differential coefficients of the first k + I orders 
and let 


^ R, (or - R, ^ - r,) 

throughout the interval (a, 6). Then 

s = oC'A- 


If, in addition, R* <] Ar*, this becomes 

E 0((6 - o)r* »/'«* " *>-t- 0((6 - a)‘ 

a ^ n rS^b 

This is the machinery of van der CJorput’s method. It has 
been used by van der Corput himself to prove the following result 
in the divisor problem : 

S d(») - a: log a: -f (2C - 1)* -1- o(**'/*«»). 

n ^ x 

Nuland used it to prove the following result for the circle problem, 
viz. that if R(x) is the number of solutions in integers of the inequality 
-f V* :£[ * then 

R(x) ^nx + 

For a simple proof of this result we may refer the reader to papers 
by Professor Titchmarsh (Qua/rierly Journal of Malheimatics, 3, 
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B, 1932 and 1934). Titohmarsh has also used this method to get 
in^KTOved results in the error term in certain mean-value theorems 
of the zeta-function and to investigate the zeros of -|- it). Eric 
Phillips in Vol. 4 of the same periodical has used the method to 
prove that 

Cii + it) 

In some cases, e.g. the circle problem, the sum to bo bounded 
is really a double sum of the form 

») 


Titohmarsh has extended the old vim der Corput method to a 
two-dimensional form which finds upper bounds for these sums 
directly. For example, in place of Theorem A, he uses the following 
theorem: 

Let f{x,y) be a real function of x and y, defined for a ^b, 
a. ^y let 

S = S S 

tH a n at 

6 — M- - V 

Si = S S n 4- P) - /(m, n)} 

m »< a n « a 


6-^ p 

S| == S S + ft, n - P) - /(m, n)) 

m a n a + y 


Let p be a positive integer not exceeding b — a, and p’ a positive 
integer not exceeding — a. Then 


S 


0 


(6 - a)(p - a) 

(ppy 


+ 


O 


(6 - a)(P 


+ 


PP 

(b - o)(/J 


y V I 


°1 


1 p'-l 

S|Si|. 

1 P » 0 


PP 


a) ^ p' ~ 1 

I. s 


^ - 0 i< - 1 


s. 




In place of Theorem B' the following lemma is used: 

Let f{x,y) be a real differentiable function of x and y. Let ffix,y) 
have 0(1) maxima and minima, considered as a function of x, for eat^ 
value of y considered, and let f^(x,y) satisfy a similar condition as a 
function of y, for each value of x considered. Let 

. for a ^x ^b, a <; y ^ /9, where b — a ^l, /9 — a ^ 1(1 1). 
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A further theorem provides an upper bound for the double 
integral. There are a variety of such theorems of which the 
following is an example : 

Let f(x,y) be a real function with coniinwom partial derivatives up 
to the third order, and let 


^ ^ l/« I < Ar, r ^ 14,1 < Ar, 1/^ I < Ar, 

througbotU the rectangle a -^x iS.b, where b — a 

(i — oi Then 

« o('-+iMiL+LL-H.!). 


By this two-dimensional method Titchmarsh has proved the 
following results : 


Z(i + it) - 0(«1 log» <). 


where Z{«) — S X (w* -f an*)*, a particular case of the 

m ~ 00 n «« — oo 

Epstein zeta-function : 

R(a:) = JKC -f log^^''^* x), 

where R{x) is the function mentioned above. 


The Mbtbjo Theory of Continued Fractions. —In a recent 
paper in Compositio Mathematica (1, 1936, 361-82), A. Khintchine 
proves several attractive theorems in this theory. Let a denote 
a number between 0 and 1, whose development as a simple continued 
fraction is denoted by 


[Ol, Og, Oj 


., a„ . . .]. 


Oj -f 


o» + 


+ 


+ 


In 1928 Kuzmin proved the theorem (conjectured by Gauss) that, 
if zja) — [an+ j, a„+ 2 ,...] and if mjx) is the measure of the set 
of numbers a such that «,(a) < (0 ^ x ^ 1), then 


iim m„(x) 


log (1 4- *) 
log 2 • 


Let E( *’ ' ■ *’ I be the set of those numbers whose develop- 

Vii *’•1 . • r* / 

ment as a simple continued fraction satisfy 
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and let ME be the measure of the set E. Khintohine proves two 
lemmas; 


jjjj/nx. . . + A 

J yii • • •) ^lr> + 1/ 

yu • • 


where C is a constant and ni, . . + i differetU. (This is a 

generalisation of a result due to Borel.) 

jjjjM... . ..«A log 2 

yif • • 

<Bexp{~/3(»* + i -%)»). 

where nj < n, < . . • <C »*<»*+ i, and B and /? are absolute 
constants. Khintchine then proves the following generalisation of 
Kuzmin’s theorem : If f(r) is a non-negative jfunction such that 
f{r) = 0{r^ ~ *) for large r and some d > 0, then for “ almost all ” « 
{thcd is, for all a except those of a set of measure zero) 


log (1 + 


lira ~ S /(o*) = S /(r) 
fl —n h u, 1 


r(r 

log r/log 2 


V.). 


If we take f{r) — log r, this becomes 

B,-« / 1 Xlogr/loga 

iim A/a, . . . o, = n (I + = 2-6 . . . 

A theorem on the arithmetic mean of the partial quotients a, is as 
follows : If «, = a, + • . . + and if E„ is the set of those a for 
which 

_ V" _ 

log »/log 2 

then the measure of E„ tends to zero as n —► oo. We have as an 
immediate corollary of this last result the theorem that the series 

- +-L + -^ + ... 

OfiOff 

is divergent for “ almost all ” a. 
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ASTRONOMY. By R. W. Wbiouy, M.A., F.R.S.E., Royal Obaerva- 
tcny, Edinburgh. 

Thb EvoLtmoN OF THB SoiAB Systbm. —According to the 
Planetesimal Hypothesis of Chamberlin and Moulton the planets 
owe their birth to another star which approached the sun probably 
within the limits of the present solar system. Through tidal action 
masses of varying dimensions were ejected from both bodies while 
they remained in each other’s ne^hbourhood, and, after the visiting 
star had departed, much of the ejected material was loft revolving 
round the sun in orbits of varying sizes, eccentricities and orienta¬ 
tions. Some of these masses were large enough to remain in a 
gaseous or liquid condition, but the majority (the planetesimals) 
were small and speedily cooled to a solid state. The larger nuclei 
grew in size by gradually sweeping up the planetesimals, with the 
result that their orbits became progressively more circular and 
more nearly in one plane. The earth, therefore, grew from a nucleus 
of unknown size by a gradual acquisition of planetesimals just as 
it now sweeps up some 20,000,000 meteors each day, and its outer 
layers were always solid. The hypothesis is supported by the fact 
that the larger planets have orbits with the smaller eccentricities, 
and their planes are almost coincident. 

Dr. H. Jeffreys in his book The Earth has pointed out that the 
planetesimals would be more likely to volatilise completely before 
they could be swept up and formed into planets. This objection 
does not, however, apply to a new condensation theory of meteoric 
matter propounded by Professor Bertil Lindblad in Meddelande, 
No. 18, Stockholm Observatory (see also Nature, 1935, Jan. 26). 
This theory is founded on the great difference in temperature sup¬ 
posed to exist between interstellar gas and solid interstellar particles, 
the former having a temperature approaching 10,000°, and the 
latter one of but little above zero absolute. The solid particles will 
therefore presumably grow in size by the condensation on their 
surfaces of sublimal matter from the surrounding gas which may be 
assumed to contain all the elements found in the sun. Ado^ng 
Gerasimovio and Struve’s value of 10"“ gm. per ou. cm. for the 
density of the interstellar gas, Lindblad calculates that particles of 
mass 10“^* gm. will form in a period of 10* years. According to 
C. Sohalen (Upsala Meddelande, No. 68) this is the order of magnitude 
of the particles in the clouds of obscuring matter in the Milky Way, 
while the pwiod of 10* years agrees with the average age of meteorites 
as derived from an analysis of their radioactive material. 

Assuming that the solar system originated from a gaseous nebula 
with a concentration towards the central nucleus and extending 
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beyond the orbits of Neptune and Pluto, Lindblad estimates the 
density in the outer regions as 10“** gm. per cu. cm. and deduces 
that in 10* years there would be developed bodies of 10** gms., 
equal in mass to the smallest of the asteroids. A certain number 
of much larger bodies would be formed by the occasional combina¬ 
tion of smaller ones, while, on the other hand, many of the 
planetesimals in the denser regions near the central nucleus would 
be volatilised by violent encounters. The final result would bo the 
growth of a comparatively small number of large bodies which wo 
know as the planets and their satellites. The earth is imagined as 
being formed round a heavy core by the accumulation of a great 
number of smaller bodies of varying size; at times when this 
accumulation was specially rapid the surface layers may have 
become heated to a fluid or even incandescent state, but solidifica¬ 
tion would follow through loss of heat by radiation. The formation 
of the systems of satellites is explained in a similar way, the planet 
in its early state consisting of an incandescent nucleus with an 
extended gaseous atmosphere. It is pointed out that this con¬ 
ception leads to the same direction of rotation of the planets in 
their orbits and around their axes, and of the satellites about the 
planets, the few known exceptions being readily explained as due 
either to capture in recent times as in the cases of Jupiter’s satellites 
VIII and IX, or to local conditions as in the Uranus and Neptune 
systems. It is further suggested that the particles forming the 
Zodiacal Light represent the last remains of the nebulous cloud 
which once surrounded the sun. Meteorites are regarded as 
remnants of larger bodies sliattered in the past by violent encounters. 

In Monthly Notices, R.A.S., 94, No. 9, Dr. Jeffreys, in a note 
on the constitution of the inner planets, draws attention to the 
fact that for each of these four bodies, and also for the moon, the 
density increases with the size, that of the moon being less than 
two-thirds that of the earth, the largest of the group. This he 
attributes to a difference in their composition, and not to the extra 
compression in the larger bodies. Geophysical evidence indicates 
that the earth consists of a silicate shell resting on a core of liquid 
heavy metals, the density of the shell being nearly equal to the 
average density of the moon. Jeffreys infers that the moon is 
probably devoid of a metallic core, and that the variation of density 
among the four iimer planets is caused in each case by the varying 
size of this core. According to the tidal theory developed by Jeans 
the filament which gave rise to the planets broke up as fast as it 
emerged from the sun, and the inner planets, while losing their 
external gases, should have retained the same constitution as the 
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sun as regards materials of high boiling-point. We would therefore 
expect even such small bodies as Mercury and Mars to have retained 
their due propoiH)ion of iron and other heavy metals. The smaller 
densities of these bodies suggest, according to Jeffreys, that the 
materials must have had time to separate after leaving the sun. 
If the terrestrial planets were originaUy formed as only one or two 
bodies in which the heavy metals had time to settle to the centre 
before a fresh rupture occurred, the present observed densities 
could be explained, but how and why this latter rupture should 
take place remains an insoluble problem. 

The explanation may, however, be more simple. The original 
Planetesimal Hypothesis of Chamberlin and Moulton postulates the 
existence of nuclei of varying sizes which gradually developed into 
the planets by sweeping up the small planetesimals. It is possible 
that the size of the original nucleus was in each case largely responsible 
for the density of the resultant planet. Further, if the moon was 
bom out of the earth after the heavy metals had sunk towards the 
centre, then the similarity between the lunar density and that of the 
earth’s crust needs no further explanation. 

Mbtbowtbs and the Aob of the Univbbsb. —A summary in 
Nature, 125, 490, describes how Professor Paneth of Konigsberg 
has recently determined the age of various meteorites by methods 
similar to those already used in dealing with terrestrial rooks, 
consideration being given to their relative content of helium and 
radium. The investigation was mainly directed to iron meteorites, 
which were assumed to retain their helium firmly up to a temperature 
of 1,000° G. It was therefore possible to estimate an upper limit 
for the time elapsed since the meteorite possessed a temperature 
high enough to permit the escape of its helium. In every case 
which he examined Paneth foimd that the age could not exceed 
3,000,000,000 3 ^r 8 , a limit close to the generally accepted estimate 
of the age of the earth and the sdar S 3 r 8 tem. He therefore concludes 
that all meteorites must be of solar origin, and that the hyperbolic 
velocities which have been found for many fireballs must be due 
to erroneous observations. In Popular Aatrowmy, XLI, No. 2 
{Harvard Reprint, 84), Ernst Opik disputes this conclusion on the 
ground that all the ol^rvations of hyperbolic velocity in meteorites 
cannot thus be lightly swept auside as inaccurate, and he cites in 
particular the Poltusk stone shower of January 1868, when the 
observations were practically beyond question and the interstellar 
origin of the stones was proved almost without shadow of doubt. 
On the other hand, Paneth has made a special examination of a 
sample from one of these very meteorites and finds the age to be 
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only 600,000,000 years. Opik accepts both this age estimate and 
the observation of hyperbolic velocity to be substantially correct, 
and reconciles them by the assumption that the stellar universe 
whence all meteorites with hyperbolic velocity must come, is of the 
same order of age as the solar system. Several arguments are put 
forward for thus drastically reducing the usual estimate of the age 
of the universe. Undoubtedly a much longer interval of time 
must be conceded if a star, losing its mass in the form of quanta 
of light, is to decrease gradually in luminosity and pass through 
the consecutive stages of evolution represented by the different 
classes of spectrum, size and luminosity now observable in the sky, 
but Opik points out that no positive evidence has yet been found 
that stars have really changed from one class to another. It is 
quite possible that the observed variety in luminosity, mass and 
spectrum is not the result of evolutionary change, but is merely due 
to initial conditions, size and chemical constitution. Certain other 
evidence is not inconsistent with a comparatively low estimate of 
the age of the universe. The distribution of stellar luminosities in 
globular clusters, statistical data relating to wide double stars, and 
the observed rate of recession of the spiral nebulse resulting in a 
general rapid expansion of the universe are ail put forward by 
Opik as supporting the view that the universe, though the parent, 
is not much older than its child, the earth, and has existed in its 
present form only about 3,000,000,000 years. 

The study of the oosmical origin of meteors was the main object 
of the Arizona expedition organised by Harvard College Observatory 
in 1931-33. The distribution of their heliocentric velocities with 
regard to size and directiqn; the relative proportion of solar and 
hyperbolic meteors ; the distribution of velocities of the hyperbolic 
meteors outside the solar system ; the frequency function of the 
relative masses of meteors ; the absolute density of meteoric matter 
in space ;—^these were the general questions to the solution of which 
the observations were directed. The plan of the latter is described 
in Proc. Nat. Acad. 8ci., 18, No. 1 {Harvard Reprint, 74) by Shapley, 
Opik, and Boothroyd. Provision was made for both visual aiid 
photographic observations, and the instruments included ingenious 
devices for measuring the angular velocities of the meteom. The 
results are gradually being published in a series of Harvard Circulars. 
In Circular 388 E. Opik makes a statistical investigation of the 
general distribution of radiants, making use of about 26,000 na k e d 
eye observations of 22,000 individual objects obtained on 366 nights. 
Fdlowing a description of his method of testing the reality of radiants, 
he gives a list of 279 of which 223 are considered to be real radiants 
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of sufficient concentration. There is apparently an interesting 
seasonal variation, for iii autumn the number of meteors belonging 
to real radiants equals 26 per cent, of the total, while during the 
rest of the year the percentage is only 15. In Harvard Ciretilar 389 
Opik disctisses the velocities of the meteors observed visually, and 
finds a number of high heliooentrio velocities whose appearance 
cannot be accounted for by possible observational errors. As the 
observed values are those of the projected components, and as a 
large proportion of these exceed the parabolic limit of 42 km./sec., 
the real space velocities must be still higher. A similar conclusion 
regarding the frequency of hyperbolic velocities is reached by 
S. L. Bot)throyd (Harvard Circular 390) from his examination of the 
telescopic observations. He finds that the frequency of liigh 
velocities is greater for faint than for bright meteors. In Circular 
391 Opik reaches the same result from a more detailed statistical 
analysis. He finds that solar meteors, with a velocity less than 
42-4 km./sec., represent the minority, the percentage of high 
velocities increases with decreasing brightness, and the largest 
velocities reach an order of 200 km./sec. The observations indicate 
that all solar naked eye meteors belong to real radiants, while all 
“ sporadic ” meteors come from outer space, but possibly belong 
to our own galactic system. Telescopic meteors (but not the naked 
eye observations) show a gap in the distribution of velocities corre¬ 
sponding to the stellar velocities of our “ Local Cluster ” of stars, 
but have a strong maximum of frequency round the velocity 
143 km./seo. 

Meteor spectra are difficult to observe, either visually or by 
photography. Prior to 1886 all the observations were necessarily 
visual, and were generally made with a binocular arrangement of 
two prisms, giving a field of view about SO” in diameter. They 
indicated a continuous spectrum crossed by certain bright lines 
considered to be due to sodium and magnesium, a predominance 
of the latter giving the meteor a definitely green colour. After the 
introduction of objective prism photography meteor spectra were 
occasionally secur^, generally by chance, when a bright meteor 
happened to cross the field, but naturally such occasions were few. 
In Harvard Annaia, 82, 6, P. M. Hillman has made an examination 
of all such spectra readily obtainable. They were nine in number, 
photographed between 1897 and 1931, two being secured at 
Arequipa, three at Moscow, two at Mount Wilson, and one at 
Bergedorf. The ninth of the series was taken at Blue Hill Meteoro¬ 
logical Observatory, Massachusetts, in 1931, when four cameras 
were erected and 120 plates were exposed with average exposures 
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of one honr each. As only one serviceable meteor spectrum was 
secured over the whole series, it is unnecessary to emphasise the 
difficulties. All the nine spectra show well-defined bright lines, 
var 3 dng in number from 6 to 63, with but faint continuous spectrum. 
All the lines have been identified with elements common in 
meteorites, iron being found in every case, neutral calcium in 4 
and ionised O/aloium in 6, while other elements identified are 
magnesium, manganese, aluminium, chromium and silicon. The 
line intensities were determined with a microphotometer in five 
cases and by eye estimates for the remainder, the results being 
exhibited in a graphical plot. Three of the meteors belonged 
definitely to the Perseid shower, but their spectra are not noticeably 
more alike than the other six. The continuous spectrum seems to 
be due almost entirely to unresolved weak emission lines. The 
excitation potential of the upper level of the multiplets identified 
was in every case under six volts. In the four oases where micro- 
photometric intensity measures were made, the iron vapour was 
found to be at states of excitation corresponding to furnace tempera¬ 
tures ranging from 1,680° to 2,800° Absolute. In short, the results 
derived fium these nine meteor spectra are very much as would be 
expected from consideration of atomic physics, and the known 
constitution of meteorites. 

PHYSICS. By L. F. Batks, D.So., Ph.D., F.Inst.P., University College, 
London. 

The Problem of the Semi-Conductor. —The recent appearance 
of several papers on the electrical properties of semi-condudtors 
draws attention to the theoretical and technical importance of 
these materials. It cannot be said that there exists at present a 
theory which completely accounts for all their electrical properties, 
but during the last four or five years some kind of order has been 
introduced into the theoretical statement of the problems concerned, 
mainly owing to the work of A. H. Wilson (Proc. Roy. Soc., A 133 , 
458 and A 134, 277, 1931), Bomstein (Phys. Zeit. der Sotojet Union, 
2 , 28, 1932), Frenkel and Joff6 {ibid., 1 , 60, 1932), while R. H. 
Fowler {Proc. Roy. 8oc., A140, 606, 1933) has given an elementary 
mathematical treatment of the modem ideas, and Gudden {Ergeb. 
der exakt. Wieeenachaften, XIII, 223, 1934) has given an interesting 
survey of the experimental facts. 

These facts are complex and not easy to interpret, for in the 
first place the measurement of the resistance of a semi-conductor, 
particularly if it happens to be in the form of powder, often does 
not lead to definite results. In attempting to find the true resist- 
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anoe which the material would possess when in an ideal form for 
resistance measarements, there are to be avoided the enormous 
effects of surface contacts and the effects of gases, of which recti¬ 
fication and “ Sperrsohioht ” phenomena ail serve to remind us. 
In the second place, the conductivity may be of electronic or of 
electrolytic nattue, and the corresponding phenomena may not be 
easy to disentangle when both exist side by side. However, it is 
mainly the electronic type of conduction which will be dealt with 
in this article. 

Now, while we may attribute a definite resistivity to a pure 
metal, we find that it is impossible to state what is the true 
resistivity of a semi-conductor. In the latter case the effect of 
impurities is enormous; indeed, we are practically forced to take 
the view that the entire conductivity of an electronic semi-con¬ 
ductor is due to the presence of minute quantities of impurities 
contained in what would otherwise be a perfect insulator. Con¬ 
sequently, the resistivities of different samples of a particular 
material may vary within wide limits even though they are pre¬ 
pared under identical conditions. 

Semi-conductors usually exhibit a well-marked variation of 
electrical conductivity with temperature, the conductivity follow¬ 
ing the equation 

(T = A . e-®/« 

where A and E are constants. In other words, the logarithm 
of the conductivity is a linear function of the reciprocal of the 
absolute temperature, the slope of the line being the greater, the 
smaller the conductivity of the specimen at room temperature; 
Fritsch’s results with zinc oxide {Ann. der. Phys., 22, 375, 1935) 
provide a very nice illustration of this statement. The magnitude 
and sign of the Hall ooefiioient B of a semi-conductor is of great 
importance, first, because the sign tells us a good deal about the 
nature of the carriers responsible for conduction, and second, 
because the product of the conductivity and Hall coefficient gives 
us valuable information oonceming the mobilities of the carriers; 
its temperature variation will later be shown to be of great impor¬ 
tance, because it shows the extent to which oppositely charged 
carriers take part in conduction. Thus for zinc oxide Fritsoh 
deduces from the smallness of the product R. a and its small varia¬ 
tion with temperature, that two oppositely directed Hall efifocts 
are present. 

An attempt will now be made to give an insight into the present 
state of the theoretical aspects of the problem. The conduotum 
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electrons in a crystal lattice may be supposed to occupy a band 
or series of bands of energy levels. For simplicity it may be con¬ 
sidered that at most there are two bands, one, called the lower, 
corresponding to the energy levels when the metal is at absolute 
zero. If the lower band is incomplete, i.e. according to the Penni- 
Dirac statistics, some of the higher energy levels are unoccupied, 
then, by rise in temperature or under the influence of an electric 
field, electrons may pass from lower to higher levels, and so be 
able to travel from atom to atom as Sommerfeld and others have 
assumed in their electron theories of metallic conduction. Such a 
band may reasonably be assumed in the case of the alkali metals. 

If, however, the lower band is filled, the possibility of metaUic 
conduction depends on the nearness of the other band. The latter 
may actually overlap the lower band to some extent, and this, it 
has been suggested, explains the conductivity of the alkaline earths. 
Suppose, now, that the lower band is completely filled, and the 
other, empty, band is so far removed, i.e. there exists so large a 
difierence in the average energy level between the two bands, that 
electron transitions become much more difficult or unlikely. Then 
the electrons cannot be handed on from atom to atom, and we have 
a perfect insulator. There must, of course, be cases in which the 
electrons may pass from one band to the other by thermal agitation, 
and such substances Fowler (loc. cit.) calls intrinsic semi-conductors. 
The conductivity may then be computed by classical methods as 
the number of electrons involved is small. Let us note that, on 
this theory, when an electron leaves the lower band it leaves a 
hole therein ; this is theoretically equivalent to a positive electron. 

In general, a semi-conductor is formed when a new distinct 
band or set of levels of intermediate energy is supplied by the 
impurities present. If this impurity band is full of electrons at 
low temperatiu’es, then electrons may pass either from the impurity 
band or from the lower band in the substance to the upper, the 
first transition being the more common at ordinary temperatures, 
and such a semi-conductor is styled normal extrinsic. On the other 
hand, if the impurity band is empty at low temperatures, then 
electrons may pass from the lower band to the impurity band, and 
thence to the upper band; such semi-conductors are termed abnormal 
exMnsic. The terms normal and abnormal are used because the 
• corresponding semi-conductors usually possess Hall coefficients of 
normal and abnormal sign, respectively. 

Electrical conduction may therefore be pictured as the migra¬ 
tion of the electrons, which have undergone transitions, towards 
the positive terminal, and as a migration of the positive holei^ in 
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the lower band towards the negative terminal. It is the latter 
migration which may give rise to an abnormal Hall coefficient. 
This is the basis of Fowler’s elementary treatment. He shows 
that the temperature variation of a with T, mentioned above, is 
satisfactorily explained on these lines. He shows too that ap. 
inJtrinsic semi-conductor and a normal metal must always form a 
thermocouple with an E.M.F. ik>m metal to semi-conductor at the 
low-temperature junction. The same is true for a normal exfyinaic 
semi-conductor, but the E.M.F. of an abnormal extrinsic may vanish 
and change sign as the temperature difference between the junctions 
increases. On the old classical electron theory semi-conductors 
were all expected to behave in the same way, the thermoelectric 
current passing from a good to a semi-conductor at the cold junc¬ 
tion. The discussion of the Hall effect shows that intrinsic and 
normal extrinsic semi-conductors must exhibit a normal Hall coeffici¬ 
ent, corresponding to the deflection of electrons, but that the 
abnormal extrinsic will give an abnormal Hall coefficient at low 
temperatures, which may vanish and become normal as the tem¬ 
perature rises. 

Some very interesting results have recently been obtained with 
tellurium by Cartwright and Haberfeld-Schwartz {Roy. Soc. Proc., 
148 A, 648, 1935). This substance differs from ordinary metals 
in that it contains a very small number of conduction electrons, 
in fact, it is an intrinsic semi-conductor with only about one free 
electron to one million atoms, so that the effect of impurities is 
here relatively enormous. Hence, Cartwright and Haberfeld- 
Schwartz added small quantities of ordinary metals to very pure 
tellurium and examined their influence on the electrical conductivity 
and thermoelectric power. As would be expected, they found that 
the conductivity was increased, although the increase was not 
proportional to the oonduotivity of the added metal. The tem¬ 
perature coefficient of resistance of the pure tellurium was negative, 
but became less so on addition of copper, and became positive 
when more than O-S per cent, of antimony was added. The thermo¬ 
electric current flowed from tellurium to copper at the cold junc¬ 
tion, and generally increased with the addition of another metal. 

These results are discussed in the light of Fowler’s normal 
extrinsic and abnormal extrinsic models. It is found that the uppw 
unoccupied band in tellurium is about 0-6 electron volts above the 
lower filled band. The top of the intermediate band resulting from 
the addition of antimony lies about Odl electron volts above the 
lower tellurium band and produces abnormal extrinsic properties. 
The band resulting from the addition of copper lies about half* 
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way between the two tellnrium bands. It would appear that both 
normal and abnormal extrinsic properties usually result from the 
addition of most impurities ; the effects appear to assist each other 
in respect to the electrical conductivity, the abnormal predominatmg, 
but to oppose each other in respect to thermoelectric power. 

In discussing further properties of semi-conductors those of a 
semi-conductor/metal rectifier will now be described. It is always 
assumed that in the system metal/semi-conductor/metal the two 
contacts are quite different—one forming an appreciable gap across 
which current has to flow, and the other being a very intimate 
contact. If the Schrodinger equation is applied to the transmission 
of electrons across the gap, in the case of a normal extrinsic semi¬ 
conductor the solution contains two terms, one representing an 
electron wave proceeding towards the gap and the other represent¬ 
ing an electron wave reflected back, the relative intensities of the 
two expressing the properties of the rectifier. It can be shown that 
if the potential of the metal is raised by a small amount V, the 
current transmitted across the gap will be given by 

where a is a constant depending on the absolute temperature and 
the magnitude of the contact resistance under zero applied voltage, 
and /9 is a constant which determines how the transmission depends 
on V. Similarly, when the potential of the metal is lowered by 
an amoimt V, the current in the reverse direction will be 

Treating the problem as one-dimensional, Frenkel and Joff6 deduced 
that /J should be 1*5. 

Now, the modem Sperrschicht cell consists of a metal plate 
coated with a layer of semi-conductor which in turn is covered 
with a transparent metal film. Thus Barnard (Proc. Phys. Soc., 
47, 477, 1935) used a mixture of selenium and sulphur as semi¬ 
conductor—many interesting practical details will be found in his 
paper—^the upper surface being covered with a transparent layer 
of sputtered metal, the lower being in contact with a steel plate. 
The metal portions form the two electrodes of the cell and can be 
directly connected to the terminals of a current-measuring instru¬ 
ment, to record a deflection when light falls upon the transparent 
electrode. When light of energy F passes through the semi-con¬ 
ductor a number of electrons dir^ly proportional to F is emitted. 
These cross the gap and enter the steel plate, causing the contact 



PHYSIOS 87 

difference of potential to rise by some amount v, whence arises a 
photocurrent proportional to F, given by 

= - 1 } 

which, when the cell is on open circuit, must be balanced by an 
equal reverse current 

On closed circuit, however, these currents will not be equal and 
a current », will flow through the external circuit, given by 

i, = con8t.-{B.F — small correction terms}, 

where B is a constant. This equation holds for the majority of 
the cells made by Barnard. Since from the above it is clear that 
F is proportional to t, and therefore depends on /?, the value of p 
can be obtained from the experimental data. Barnard finds that 
the value of can be about 10 times the calculated value for the 
cells used by him. In fact, he finds p depends upon the ratio of 
area illuminated to area covered by the collecting plate electrode, 
and that the Frenkel and Joff6 value is obtained when extrapola¬ 
tion to zero illumination area is made. 

This is not the place to survey the wide range of experimental 
data. Gudden’s survey to which reference is made above gives a 
very clear picture of the main features and the more recent papers 
by Fritsch and by Auwers (Zeit. fUr Phya., 93, 90, 1934) give an 
idea of the present trend of the work on metallic oxides. 

Thk Nature of a Polished Surface. —The subject of the 
polishing of metals is one of considerable interest both to the 
academic worker and the technician, but it is only within recent 
years that it can be said that the problem has b^n approached 
in a scientific manner. The scientific study really starts with the 
observations on polished surfaces made by Sir Gwrge Beilby and 
described in his book. Aggregation and Flow of Solida, 1921. His 
method was to note the consecutive changes observed through the 
microscope when a surface was polished, and the changes in reverse 
order when the polish was removed by etching the surface. These 
observations led him to conclude that polishing caused the surface 
to flow, so that in its final state the surface was covered by a glassy 
or amorphous layer; in other words, he pictured the polished 
surface as a supercooled liquid, and tiie surface layer is now often 
termed the Beilby layer. Attempts have, of course, been made 
to present other conceptions of the polished surface; some workers 
i«garded the amorphous state as an unnecessary assumption, and 
others, while accepting the amorphous state, did not accept the 
view that the surface was liquified during polishing. 
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The recognition of the importance of the electron diffraction 
method of examination caused the whole question of films on metal 
surfaces to be re-opened. The first worker to use this new method 
was French (Proc. Roy. Soc., A140, 637, 1933) who investigated 
the surfaces of polycrystalline and single crystal specimens. A 
fine beam of high speed electrons was allowed to fall upon the 
surface at a small glancing angle and diffraction systems were 
formed upon a photographic plate set perpendicular to the direction 
of the incident beam, the arrangement forming an electron diffrac¬ 
tion camera. In general, for an unpolished surface the diffraction 
system is a characteristic ring pattern (or nearly a half ring, as 
recorded on the plate). French showed that these rings became 
blurred as polishing proceeded, until finaUy two broad diffraction 
maxima alone remained. If a single crystal was used the difiroc- 
tion system was originally a series of regularly spaced spots, but 
after prolonged polishing two diffuse rings were obtained. 

French’s results were extended by Darbyshire and Dixit (Phil. 
Mag., 16, 961, 1933), who used also specimens of iron pyrites and 
galena, and by Raether (Zeit. fUr Phys., 86, 82, 1933). The latter • 
investigated in a very thorough manner the changes produced in 
the surfaces of metals and insulators, such as NaCl, CaCOa, FeSi, 
etc., by etcliing, rubbing, polishing, compressing and hammering. 
He also used a wide range of polishing materials. Finch, Quarrell 
and Roebuck (Proc. Boy. Soc., A 145, 676, 1934) condensed a thin 
layer of a second metal upon a polished surface and took electron 
diffraction photographs during the deposition. They found that 
the structure of the condensed layer gradually vanished, until 
only general background scattering was obtained, provided that 
the polish was adequate. They likened the disappearance of the 
pattern to the solution of crystals supernatant on a solvent, and 
considered it excellent support for the Beilby layer. 

French pointed out that his results could be interpreted on the view 
that when a metal surface is ground and polished the crystal size is 
gradually reduced until there finally results a random arrangement of 
atoms, similar to that of the atoms in a liquid, which are separated by 
a common distance. This common distance he was able to compute, 
and found good agreement with X-ray data. He suggested that 
in an alternative picture of the polished surface it might be assumed 
that any crystal structm* in this surface was very small. Tliis 
suggestion was seized upon by some workers, but Darbyshire and 
Dixit concluded that it was not in accord with their experimental 
results. Raether came to the same conclusion, although his results 
in the oases of ionic crystals, *.e. crystals such as NaCl in which 
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tl» atoms are oppositely charged, showed that here amorphous 
layers do not exist. The details given above, then, overwhelm¬ 
ingly support the oonolusion that the Beilby layer is real; the 
evidence in its support and the discussion of alternative views 
were more extensively reported by G. P. Thomson (Phil. Mag,, 18, 
140, 1934). 

Two important questions now remain to be considered. First, 
what is the thickness of the Beilby layer, and, second, what is the 
state of the metal immediately below it ? The first was answered 
by H. G. Hopkins and by C. 8. Lees in papers read before the 
Faraday Society last March. Hopkins worked with gold, as a 
polycrystalline metal whose surface would not readily oxidise. He 
polished the surface and measured the thickness of the layer that 
had to be removed before the polish disappeared. This was not 
done by etching, but by a method suggested by L. C. Martin. The 
polished metal was made a portion of the cathode in a sputtering 
apparatus, and its surface was gradually sputtered away under 
controlled conditions which permitted a steady state of removal. 
The surface, 1 sq. cm. in area, was initially ground by light rubbing 
on 00 and 000 emery paper, using benzene as a lubricant, final 
polishing being done with 0000 emery paper. The procedure was 
that previously used by French; the surface was first rubbed in 
one direction until it showed a series of fine scratches all parallel 
to the direction of rubbing. The surface was then turned through 
00° and rubbed across the scratches until they disappeared and 
were replaced by a new set running parallel to the new direction 
of rubbing, the surface then beingsawashed to remove traces of 
emery, poUshed by rubbing lightly in all directions with chamois 
leather, and finally washed in alcohol. 

The surface was now examined with an electron difiraotion 
camera, using a glancing imgle of about 1°. It then exhibited the 
two characteristic rings described by French and others. The 
polish was next removed step by step by sputtering from the sur¬ 
face for definite intervals of time, the amoimt of sputtering being 
found by miorobalanoe weighings. The surface was periodically 
examined in the electron difiraotion camera. The main results may 
be summarised as follows, on the undwstanding thsit the depths 
quoted refer to average values obtained from measurements made 
with many specimens. After the removal of a layer only 10 A 
thick, two extra rings appeared in the diffraction pattern, and 
with further removal of surfi»oe material to a depth of 20 to 30 A 
the pattern remained constant, though the bands became more 
intense. At a depth of 40 A, however, the band oorrespondii^ to 
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the (331) (420) (422) and (333) planes of gold split up into two 
sharper bands at the mean positions of the (331) (420) and (422) 
(333) spacings respectively. At the same time the outer of the 
first two rings disappeared, to be replaced by two separate rings 
at the (220) and (311) (222) positions. Further, an ad.ditional faint 
ring occurred outside the (531) (600) (422) maxima. At depths 
greater than 50 A the pattern gradually became sharper, and at 
about 160 A the (111) (200) rings were resolved. At 400 to 600 A 
the normal sharp pattern for gold was obtained. 

Hopkins explained these facts on the assumption that when 
only 10 A thickness of material has been removed, a fraction of 
the incident electrons is scattered in a substratum of very small 
gold crystals; i.e. the Beilby layer is assumed to be 20 to 50 A 
deep. The fine crystals of the substratum increase in size with 
depth, accounting for the observed progressive sharpening of the 
pattern and the gradual disappearance of general or background 
scattering as more of the surface is removed. 

Lees polished his copper and gold surfaces by grinding with 
successive grades of emery with water and using either («) water 
and rouge, or (6) rouged flannel, or (c) flannel treated with a com¬ 
mercial “ liquid polish ” for final polishing. The polished surface 
was carefully freed from grease by washing it with redistUled 
acetone and drying it in an air blast. Successive thicknesses of 
30 to 6000 A were removed from the surface by electrolysis, the 
surface being periodically examined by electron d iffr action. The 
unetched surface gave no diffraction rings or only two blurred ones, 
as recorded by other workers. (After etcliing by electrolysis, how¬ 
ever, the rings were those of cuprous oxide and not of copper.) 
The thickness of the amorphous layer varied with the method of 
polishing. Thus method (o) gave with copper a thickness of about 
46 A, method (6) about 27 A, while method (c) always produced 
an incomplete amorphous layer. 

When Lees removed the amorphous layer, a layer of crystals 
orientated with their 110 directions within about 20° of the normal 
to the surface was foimd, a feature which was found to be uncon¬ 
nected with the direction of polishing. The thickness of the 
orientated layer was about 160 A for surfaces polished by method 
(a) above, and about 600 A for method (6), and the crystals in this 
layer were not much smaller than those in the non-orientated 
crystals in the metal below. In the ease of gold the orientated 
layer extended to a much greater depth than in copper. Such 
orientation effects are important, and, incidentally, it may be 
recorded that Jenkins {PhU. Mag.y 17, 467, 1934) reported that 
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orientation could be produced by polishing a thin layer of graphite 
powder. 

These orientations were presumably due to the deformation of 
the microorystals, and, as the direction of polishing had no influence, 
it would appear that the deformation is a pure compression in a 
direction perpendicular to the surface. Now, slip in a compressed 
crystal of copper or gold is known to cause the 110 direction to 
approach the direction of compression. In the case of copper 
the observed orientation would be explained by the action of a 
pressure of 10,000 lb. per sq. in., which would mean that the 
area of metal in actual contact with the polishing agent must be 
very small and that very little friction must exist at the regions 
where the pressure is exerted. This explanation, if correct, would 
moan that different degrees of orientation should be obtained with 
different degrees of compression, and it might happen that above 
a certain pressure the direction of polish would influence the 
orientation. 

In conclusion, we turn again to Raethor’s results with polished 
surfaces of insulators. Here, no amorphous or Beilby layer is 
produced, but it appears that imder emery treatment very tiny 
crystals are tom from the surface to cover it with a fine dust. 
The electron diffraction patterns then obtained consequently depend 
upon the fineness of the dust. For example, graphite and pyrites 
give rather coarse crystallites, which to some extent produce spots 
or cross-grating spectra and to some extent produce rings, depend¬ 
ing on whether their distribution is random or not. Sodium ohloride, 
however, gives a typical powder, or ring, diagram. We see, then, 
to what a great extent the Beilby layer explains the nature of 
polished metal surfaces, and how irmly it rests upon direct 
experimental evidence, while it would appear that much useful 
information still remains to be garnered by the-electron diffraction 
camera. 

GENERAL AND ORGANIC CHEMISTRY. By O. L. Bbadt. 

D.Sc., F.I.C., University College, London. 

Thb Co-VALiiNOY OF Hydeogbit. —^The possibility of hydrogen 
haviirg a co-valency of two has for some time been a point at issue 
between some chemists and physicists. On purely chemical grounds 
the evidmoe in favour is very strong. Sidgwick and his co-workers 
in a series of papers extending from 1915 have shown that certain 
ortAo-substituted benzene derivatives have abnormal ph 3 rBioal prop¬ 
erties compared with the meia and para isomerides. Sidgwick and 
Oallow {Jaw. Ckm. 8oe., 1924, 527) summarised these results and 
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drew attention to the fact that the observed anomalies could be 
accounted for by the co-ordination of a hydrogen atom in one 
substituting group with another atom in a second substituent in 
the ortho position with the formation of a stable five- or six- 
membered ring; for example, the abnormal volatility and solu¬ 
bilities of o-nitrophenol (I) and o-clriorophenol (II) were explained 
by ring formation as shown. 
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The properties of chelate compounds such as the ^-diketones 
have been similarly explained. The subject is well reviewed by 
Sidgwick in the Annual Reports of the Chemical Society for 1933. 

Now the original suggestion was that the electronic structure of 
such a co-ordinated hydrogen atom was that it had four shared 
electrons, t.e. o-nitrophenol was represented as (III). On the 
physical side, however, this solution was untenable. An atom can¬ 
not have more than two electrons in the first quantum group, so tha t 
if hydrogen in such compounds as the above has four electrons 
associated with it, two must be in the second quantum group, but 
the energy with which two-quantum electrons would be held is tqo 
small to account for the stability of the co-ordinated hydrogen. 
In a further review, Sidgwick {Chem. Soc. Annual Reports, 1934, 40) 
invokes the theory of resonance to surmount the diflSculty. There 
is evidence that if two electronic structures are possible for the 
same molecule, the wave-mechanical function for the normal state 
of the molecule is the resultant of the two, that is, either the molecule 
is passing from one to the other with enonnous rapidity or more 
probably has a structure which cannot be represented by the usual 
structural formula. 

Applying this idea to co-ordinated hydrogen compounds the 
phenomena may be divided into two classes: (a) those in which 
resonance can occur without ionisation and the co-ordinated struo- 
^ ture, as ordinarily written, is cyclic, and (<») those in which ionisation 
is involved. 

An example of the first class is the enolic form of the /J-diketone 
where neither (IV) nor (V) represents the true condition of the mole¬ 
cule which should be formulated as a combination of the two in 
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retionanoe, the consequent extra energy content accounting for the 
stability. 
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Sidgwick does not adopt the “ singlet ” link, but if this possibility 
be accepted the compound could be formulated electronically as 
(VI) which would represent the intermediate form between (IV) 
and (V). 

Ring formation may involve two molecules as, for example, the 
carboxylic acids (VII) which are known to polymerise to give double 
molecules. 

The second class comprises such simple hydroxylic compounds as 
water and the alcohols which are associated into largo molecules. 
Here it is suggested that polymerisation occurs through oxonium 
ion formation (VIII), the simple molecules being held in the positions 
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required by the energy of the resonance. This process can be 
extended through a series of molecules, the hydrogen passing firom 
one to the other along the chain, giving as the ionised form (IX). 
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(IX) 


The theory explains many of the properties of water and other 
hydroxyl compounds. As long as the resonance persists, the 
hydroxonium and hydroxyl ions are not free, but they may be 
released when thermal agitation breaks up the chain, hence the low 
conductivity of water and the increase in the conductivity with rise 
of temperature. 
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Oboanic Compottnds containing Dbutemtjm. —^The practicable 
methods available for the preparation of organic compounds con¬ 
taining all the protium replaced by deuterium are not very many if 
allowance be made for the comparative costUness of the material. 
Urey and Price (Jour. Chem. Physics, 1934, 2, 300) have prepared 
tetradeuteromethane and Murray, Squire and Andrews (ibid., 714) 
deuteroaoetylene by the action of deuterium oxide on metallic 
carbides. The latter oompoimd offers opportunities for further 
syntheses, but an even more important reaction from this point of 
view has now been carried out by Wilson (Jour. Ghem. Soc., 1935, 
492) who has acted upon carbon sub-oxide with deuterium oxide of 
not less than 99'6 per cent, purity, C»0, + 2D,0—►CD,(COjD),. 
The dideuteromalonic deuteracid so obtained, in almost quantitative 
yield, melted at 128-130“ with decomposition, definitely lower than 
malonic acid prepared for comparison under tlie same conditions 
(134-135° deoomp.). On heating to 150° the compound gave a 
quantitative yield of trideuteraoetic deuteracid 

CD.(CO,D),-»-CD,CO,D CO,. 

This compound melted at 16-8° compared with 16*6° for acetic acid 
prepared similarly. 

By a direct comparison of the vapour pressures of acetic acid and 
trideuteracetio deuteracid over a range of temperatures from 20° to 
100°, the latter has been found to have the higher vapour pressure, 
thus providing another example, in addition to deuterium fluoride, 
DF, and acetic deuteracid, CH,CO,D, of Lewis and Schutz’s (Jour. 
Amer. Chem. Soc., 1934, 56, 493) third class of substance where 
association occurs in the vapour phase where they predicted that the 
vapom pressure would be increased by replacing hydroxyUc protium 
by deuterium owing to the existence of co-ordinated protium or 
deuterium bonds and the greater strength of the deuterium over the 
protium bond. 

Phthalooyanines. —A new and interesting class of deeply 
coloured organic compounds has been described by lanstead and 
his collaborators (Jour. Chem. Soc., 1934, 1016). The parent com¬ 
pound, to which the name phthalooyanine has been given, has been 
assigned the structure (X) which is reminiscent of the fundamentAl 
porphin ring system (XI) present in the porphyrins. 

The first derivative, in the form of an iron salt, was discovered by 
chance in the course of the manufacture of phthalimide by passing 
ammonia into molten phthalio anhydride in iron vessels when some¬ 
times traces of a dark blue substance was formed. It has now been 
found that o-oyanobenzamide or o-phthalonitrile react with metals 
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to give metallio phthalooyanines ; for example, o-oyanobenzamide 
heated with magnesium for 16 minutes at 230-240°, the melt 
powdered, extracted with dilute sodium hydroxide, dilute sulphuiic 
acid and hot water successively and then repeatedly with boiling 
alcohol gave a bright blue solid, which, crystallised from quinoline, 
gave magnesium phthalocyanine as blue needles with a puiple lustre. 
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This compound when stirred into concentrated sulphuric acid and 
the solution slowly run on to ice gave a blue precipitate of free 
phthalocyanine which crystallised from quinoline as a bright, rather 
greenish-blue solid with a strong purple lustre. The co-ordin¬ 
ated structure (XU) is suggested for the metallio compounds. 
Phthalocyanine and its metallio salts are remarkably stable, they 
ate not readily decomposed by adds or alkalis and the copper 
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compound can be sublimed at ordinary pressures in an atmosphere 
of nitrogen or carbon dioxide or under reduced pressure at 660-680“. 

Thk Tbtbazotisation of Abyl Diamines. —The application of 
the many well-known synthetic methods involving diazoniura com¬ 
pounds has been restricted in the case of aromatic diamines contain¬ 
ing both amino, groups in the same ring by the difficulty of preparing 
the tetrazonium compounds, particularly in the cases of m-diamines 
owing to the formation of compounds analogous to Bismarck Brown 
and o-diamincs owing to the formation of aziminobenzenes. The 
method of tetrazotisation described by Hodgson and Walker {Jour. 
Chem. 8oc., 1935, 630) is, therefore, of considerable importance. 
They add a solution of the diamine in glacial acetic acid to a well- 
stirred solution of nitrosyl-sulphuric acid prepared by dissolving 
sodium nitrite in concentrated sulphuric acid. Pouring into ice- 
water gives a solution of the tetrazonium compound or into a solution 
of cuprous chloride in hydrochloric acid, a 70 per cent, yield of 
0 -, m- or p-dicliloro-benzene from o-, m- or p-phenylene diamines 
respectively. 

PHYSICAL CHEMISTRY. By H. W. Melvilce, Ph.D., Colloid Science 

Laboratory, Cambridge. 

Unimolkoular Reactions and Related Phenomena. —The his¬ 
tory of the development of our knowledge about unimolecular 
reactions has been a chequered one. Controversy has been acute 
and even to-day there is by no means unanimous opinion on the 
interpretation of the experimental results. The definition of such 
a reaction is of course rigid—it is simply that the rate of reaction 
is proportional to the first power of the concentration of the reacting 
substance. In this review consideration will only be given to 
those gaseous reactions which are believed to proceed homogeneously, 
for it is in this field that material progress has been made in gaining 
a general picture of the nature of unimolecular reactions. 

When it was shown in bimolecular reactions that a sufficient 
criterion of reaction was that molecules of sufficiently Hlgb energy 
content should collide, such molecules being present owing to the 
Maxwell distribution of energy among degrees of freedom, no 
further cause for reaction required to be sought. As, however, 
unimolecular reactions possessed a high temperature coefficient, 
which implied that only activated molecules took part, the question 
arose as to the origin of the energy of activation, for if a reaction 
is truly unimolecular it would appear that oollisional processes 
cannot be responsible for activation. This led to the suggestion 
that isothermal radiation supplied the necessary energy (the radi- 
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ataon hypotheeiB), but the theory was not countenanced for long, 
firstly because there was insufficient energy present to activate 
molecules quickly enough and secondly irrac^tion of the gas with 
light of a frequency corresponding to that required by the energy 
of activation failed to accelerate the rate of decomposition. At 
this time—about 1926—^the only well-established example of a 
unimolecular reaction was the thermal decomposition of nitrogen 
pentoxide, so it could hardly be said that an adequate test of 
the hypothesis was possible. Somewhat earlier two attempts had 
been made to explain the occurrence of unimolecular reactions in 
spite of the assumption that activation really involved two mole¬ 
cules. Lindemann suggested that after a collision in which a 
molecule became activated it did not immediately react, as in a 
bimolecular reaction, but that there was a time lag between activa¬ 
tion and decomposition during which the great majority of the 
molecules were deactivated. In other words, the lifetime of the 
activated molecule was long compared with the interval between 
collisions. At low enough pressures these times may become 
comparable with the consequence that the reaction will tend towards 
a bimolecular course. The other attempt was made by Christiansen 
and Kramers, who suggested that the products of reaction, contain¬ 
ing not only the original energy of activation but also the exothermic 
heat of reaction, could selectively activate fresh reactants, thus 
setting up what may be termed a thermal chain reaction. Here, 
too, theory predicted a unimolecular reaction at high pressures 
and a bimolecular one at low pressures. The specificity in the 
interchange of thermal energy on this theory was, however, a draw¬ 
back as it was then unsupported by any direct experimental evidence. 

The need for further experimental work became urgent and was 
soon satisfied when Hinshelwood examined the decomposition of 
relatively complicated molecules such as aldehydes, ethers, etc., 
and found, as predicted fipom Lindemann’s theory, that these re¬ 
actions conformed to a unimolecular mode of decomposition at 
pressures of several hrmdred millimetres of mercury but became 
bimolecular as the pressure was lowered. Once the fact was 
established that polyatomic molecules tend to deoomijose uni- 
moleoularly examples accumulated rapidl^ Another fundamental 
point arose from, this work. At low pressures, in the bimolecular 
region, the rate of reaction ought to be equal to the number of 
collisions x e~ E being the energy of activation. It turned 
out, however, that the rate is often many times greater than that 
expected, for example, in the decomposition of dimethyl ether into 
metihane, carbon monoxide and hydrogen at 800° k. and 400 mm.. 
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the rate is 6 x 10* times too lai^e. To surmount this difficulty 
it was suggested that the energy residing in bonds other than that 
which was broken could contribute to the energy of activation by 
the transmission of this energy from one part of the molecule to 
another. Since unimolecular decompositions are characteristic of 
complicated molecules the probability of a molecule possessing the 
requisite energy of activation was increased considerably. Mathe¬ 
matical analysis showed that the factor was (E/RT)^*''* ^y(s/2—1)! 

where s is the total number of square terms, there being, for example, 
two square terms associated with the kinetic and potential energy 
of a single bond, the vibration being along the line joining the nuclei 
of the atoms oonoemed. That energy can in fact be transmitted 
through several bonds in a molecule has been strikingly demonstrated 
by Norrish (J. Chem, Soc., p. 874, 1934) who found that in the 
photochemical dissociation of methyl butyl ketone the quantum 
(90 kg. cal.) is absorbed at the chromophoric keto group but the 
fission occurs along the hydrocarbon chain to yield propylene and 
acetone, the energy required to break the bond being probably 
about 70 kg. cal. 

Prom the pressure at which these reactions become bimolecular 
it is possible to measure approximately the mean life of the activated 
state, which is of the order of 10“® sec. The time for the trans¬ 
mission of energy cannot be greater than this ; no information is 
available about the minimum value. If the explanations are valid 
some relationship ought to be apparent between the number of 
square terms and the position of the compound in a homologous 
series. In the azo decompositions a rough parallelism is evident, 
the number of square terms increasing with complexity 

No. of 

Square Terms. 

26 

33 
40 

The absolute number of terms, especially in azomethane, is con¬ 
siderable and for the reactions cyclopropane propylene and the 
decomposition of ethyl azide —25 and 28 respectively—so large as 
to throw doubt on the interpretation of the data as unimolecular 
reactions. 

Cbmplications must be expected when complex polyatomio 
molecules are used for kinetic investigation. During the devdop- 
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ment of the aboTe-mentioned ideas, somewhat elaborate theoretical 
investigations have been made, which are hardly justified by 
the relatively crude data available owing to experimentally uncon¬ 
trollable side reactions, heterogeneous secondary reactions and the 
like. None the less, Hinshelwood has recently put forward an 
extension of the theory which permits a more refined analysis of 
the kinetics without introducing any important modification of 
the original hypothesis and defines more precisely the modes by 
which a molecule may reach the activated state and subsequently 
decompose. 

The thermal decomposition of nitrous oxide at pressures of 
the order of several hundred millimetres is bimolecular and further¬ 
more the absolute rate of reaction may be approximately calculated 
from the observed energy of activation by considering the energy 
to be supplied by two square terms. Upon examining the reaction 
more carefully (Volmer, Z. phyaihal. Chem., several papers 1930-4 ; 
Hunter, Proc. Roy. Soc., A, 144, 386 (1934)) it is found that if the 
reciprocal time for 50 per cent, decomposition is plotted against the 
initial pressure a curve exhibiting a segmented appearance and 
concave to the pressure axis is obtained. Had the reaction been 
strictly bimolecular the result of such a plot would have been a 
straight line passing through the origin. 

The first s^ment starts from the origin and stops at 50 mm., 
the second extends from 50 to 4000 mm. and the third from 4000 
to about 30000 mm. A pseudo-unimolecular reaction would give 
a smooth curve starting from the origin (the bimolecular part), 
but bending round to become parallel to the pressure axis (the 
unimolecular part). A segmented curve would be most simply 
explained by supposing that, in the nitrous oxide reaction, there 
are three separate pseudo-unimolecular reactions each leading to 
primary dissociation into a nitrogen molecule and an oxygen atom 
and only differing in the mode of activation and in the mean life 
of the activated state. For example an analysis of the segmented 
curve at different temperatures reveals that a high reactivity, that 
is, a short Ufe, is associated with a high energy of activation—a 
relationship to be anticipated, but as will be shown later not of 
universal validity. Activation of nitrous oxide molecules may also 
be brought about by collisions with chemically inert gases. The 
following series with coefficients relative to nitrous oxide as unity 
was obtained by Volmer: H,0 (1-62), 00, (1-31), He (0-66), Ne (0-44), 
A (0’28), Kr (0-24), N, (0-24), O, (0*23). The striking feature about 
this series is the specificity of the activation coefficients. Since 
thMe molecules activate nitrous oxide they must, by the principle 
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of miorosoopic reversibility, remove the energy from the complex 
formed by the oollision of an oxygen atom with a nitrogen molecule 
to yield stable nitrous oxide. A similar specificity is found in the 
gas phase combination of bromine atoms in three body collisions 
and in the deactivation of chlorine molecules acoustically excited 
to the first vibrational level. It is therefore not true to say that the 
removal of energy from what may be loosely termed a “ hot mole¬ 
cule ” is equally probable for aU gases. The energy is of course 
degraded ultimately, but the important point in all kinetic processes 
is the competition for that energy, and if it so happens that the 
reactants deactivate more readily • than other molecules in the 
system, such as products, there is no inherent difficulty in adopt¬ 
ing, at least in part, reaction schemes of the kind proposed by 
Christiansen and Kramers some considerable time ago. 

The fact that the segmented curve for nitrous oxide is made 
up of three parts indicates there are three modes of activation, 
one would be the excitation of the —N—N— bond, the second that 
of the —N—0— bond, the third is doubtful and might be ascribed 
to excitation of the deformation vibration —N—Of. On ex¬ 
amining a homologous series of molecules a better idea of the modes 
of activation may be gained. The aliphatic aldehydes which 
decompose to carbon monoxide and a residue have been studied 
from this point of view (Hinshelwood, Proc. Roy. Soc., A, 146, 327, 
1934). The simplest molecule—formaldehyde—decomposes strictly 
according to a biraolecular mechanism, that is, reaction on collision, 
two square terms sufficing to account for the absolute rate. On the 
other hand, the decomposition of acetaldehyde is a pseudo-tmi- 
molecular reaction with three modes of excitation. At high pressures 
—above 300 mm.—the velocity of reaction is adequately accounted 
for by two square terms and upon analogy with formaldehyde the 
predominant mode of activation is apparently the excitation of 
the — C —C— bond or the migration of the aldehydic hydrogen atom 
or both. At lower pressures a greater number of square terms is 
required to obtain concordance in the calculated and observed rates, 
thus pointing to the activation of bonds in the methyl group. It 
is noteworthy that although the energy of activation for acet¬ 
aldehyde is some 6 kg. cal. greater than that for formaldehyde yet 
the larger number of square terms involved in the former reaction 
more than compensates for this, the half life being shorter than 
that of formaldehyde. In contrast with nitrous oxide the energy 
of activation increases with decreasing pressure, that is the shorter 
lived molecules have the smaller energy of activation. Similar 
behaviour obtains with propionic aldehyde except that the greater 
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number of degrees of freedom makes the mean lives shorter stiU, 
in spite of increased energy of activation. While it is stretching 
quantitative analogy far, it is of interest to note that chloral behaves 
in a similar way, though rates 3omparable with those for aldehydes 
are obtained at 100® lower on the temperature scale. The remark¬ 
able specific effect of hydrogen in activating acetaldehyde molecules 
extends indiscriminately to all modes of activation. For a given 
proportion of hydrogen the segments become steeper and are dis¬ 
placed to lower aldehyde pressures. The limiting rates attained 
by the constituent pseudo-unimoleoular reactions are, in accordance 
with theory, exactly the same. 

The evidence for the time lag between activation and dissociation 
rests primarily on physical theories rather than on concrete chemical 
evidence, which latter indeed is difficult to accumulate. Metallic 
alkyl compounds, t.g. germanium tetraethyl, lead tetraethyl, decom¬ 
pose according to a unimolecular mechanism. It is now well 
established by Paneth’s experiments (JBer., 62, 1336; 64, 2702 ; 
64, 2708) that free radicals are among the primary products of 
decomposition and it is not unlikely that the primary thermal 
dissociation of simple hydrocarbons yields methyl and ethyl radicals. 
Attempts (Paneth, J. Chem 8oc., p. 380, 1935) to prepare propyl, 
butyl and phenyl radicals by pyrolysis of the lead compounds have 
not met with success for apparently these are dissociated very easily 
to fragments of smaller molecular weight at the relatively high 
temperatures required to decompose the lead derivatives at a 
measurable rate. Free benxyl radicals on the other hand from 
tetrabenzyl tin have a much longer life approximating to that of 
methyl. The radical may also be obtained by the interdiffusion 
of benzyl chloride and sodium vapour following Polanyi’s technique 
of highly dilute flames. 

It has been mentioned above that the number of square terms 
required to obtain the necessary velocity of activation is so large, 
in certain instances, that there may not be a sufficient number of 
degrees of freedom in the molecule to accommodate them. This 
would suggest immediately the existence of some type of chain 
mechanism formally similar to that postulated by Christiansen 
and Kramers. Two papers appeared recently which show indeed 
that a chain mechanism may play a part in the decomposition of 
acetaldehyde. Azomethane (CH»—^N==N—CH») decomposes ther- 
nially to nitrogen and ethane at a temperature much lower than 
that at which aldehyde shows any sign of a measurable reaction. 
Furthermore the fragments of the dissociated molecule can remove 
lead minors and therefore there is every reason to believe that the 
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inolecule breaks up with the production of methyl radicals in the 
first instance (Leermakers, J. Avm^. Chem. Soc., 55, 3499, 1933), 
Allen and Sickman {ibid., 2031, 1934) consequently added small 
amounts of azomethane to acetaldehyde and found induced de¬ 
composition of the aldehyde. For example at 313° C. and 111 mm. 
pressure with one per cent, of aZomethane the ratio of rates (t.e. 
chain length) of decomposition of aldehyde to azomethane was 91. 
On increasing the percentage to 10, the chain length diminished 
to 20, the chain length actually being proportional inversely to 
the square root of the azomethane concentration. This means the 
chains terminate in the gas phase by the mutual destruction of the 
carriers, the sequence of reactions probably being 

(CH,),N» —► N, -f- 2CH3 (Starting, energy of activation 61-2 kg. cal.) 
CH, + CHjCHO —*• CH^ -t- CHjCO (Propagation 13-4 kg. cal.) 

CH,CO CH, + CO 

CH, + CH,—►CjH, (Termination 0 kg. cal.) 

The rate at which the chain length decreases with increasing tempera¬ 
ture is proportional to e"*" for half the energy of activation 

for starting exceeds that for propagation by 13 kg. cal. 

In a similar way the photolysis of acetaldehyde at temperatures 
above 100° C. goes by way of chains. In this reaction there is 
some doubt about the primary products of dissociation, methane 
and carbon monoxide being the principal end-products at room 
temperatures. Had the methyl radical been liberated as such, some 
considerable quantity of ethane and of hydrogen should have 
accumulated. In support of this contention Pearson {J. Chem. 
80 c., p. 1718, 1934) showed that unlike ketones, aldehydes' on 
photolysis at room temperature did not yield radicals capable of 
removing metallic mirrors. To explain Leermakers’ results it must 
be supposed that the methyl radical has a very transitory existence, 
undetectable by the usual methods, but at higher temperatures it 
does have an opportunity of reacting with an acetaldehyde molecule 
thereby initiating a chain. The photo reaction may be regarded 
as consisting essentially of two distinct parts. The first is oon- 
oemed with the primary photo dissociation, and the second with 
the effect of the products inducing a chain reaction. If the tem¬ 
perature is about 100° C. the latter becomes comparable in rate 
with the former, so that chain propagation is only observed above 
this temperattire. The kinetio expression for the total rate of 
reaction (equation 1) therefore contains two terms, the first of 

- vO J.. 0-3W + kV’W[CH.CH; O] . . . . (\) 

IB the number of quantA 
absorbed per unit time.) 
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which representB the jmmtMy decomposition not involving a 
chain. Hete the quantum yield is not unity since approximately 
70 per cent, of the absorbed light at pressures of the order of 
100 mm. is re-emitted as fluorescence. The second term pertains 
to the chain part of the reaction. In accordance with the findings 
in the thermal sensitised reaction the chain length is proportional 
to the square root of the rate of starting. The temperature co¬ 
efficient for the chain length 3 rield 8 an energy of activation of 10 kg. 
cal. in fairly good agreement with the value deduced from AUen 
and Sickraan’s data. The absolute value of the chain length 
depends of course on the intensity of the light, but it may be 
mentioned that quantum yields of the order of 10* were obtained 
at 300° 0. and 100 mm. pressure again in good accordance with the 
thermal experiments. 

These experiments demonstrate conclusively the possibility of 
the propagation of reaction chains in the dissociation of molecules 
which at higher temperatures undergo pseudo-unimolecular de¬ 
composition. This latter proviso is important, because it may well 
happen that the chain length at these higher temperatures has be¬ 
come so short as to be of no importance in augmenting the rate 
of decomposition calculated from the measured energy of activation 
and two square terms. Only further experiment can decide whether 
a chain mechanism may be invoked to reduce the number of square 
terms required to account for the observed rates of reaction. 

A series of interesting experiments carried out by Kistiakowsky 
(J. Amer. Chem. 8oc., 54, 2208, 1932 ; 56, 638, 1934) throw light 
on another aspect of reactions of organic molecules, the molecular 
statistics of which give rise to some speculation. These are the 
ois-trans transformations of molecules possessing a double bond, 
which appear to proceed homogeneously and fortunately, in a few 
cases, are not accompanied by appreciable decomposition of the 
molecule as a whole. Graseous dimethyl maleate is readily trans¬ 
formed to the fumaric ester, the reaction being of the pseudo-uni- 
molecular type and possessing the comparatively low energy of 
activation of 26*5 kg. cal. The diethyl ester isomerises at about 
the same speed. The surprising point emerges that the rate of 
activation is much smaller than that calculated by assuming only 
two square terms to supply the requisite energy, the discrepancy 
amounting to a factor of 10*. Even the limiting velocity constant 
at high pressures is 10* times smaller than that usually observed 
with unimolecular processes. The low rate of activation might be 
ascribed to the fact that the molecule must be oriented in a particular 
way in order that efficient transfm of energy may occur, but the 
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low value of the limiting unimolecular constant would seem to imply 
that the transmission of energy is especially ineflFeotive. It is of 
interest to mention that the energy required to twist the CH» 
group through 180° has been calculated from a knowledge of the 
electronic structure of the ethylene molecule ; it amounts to 28 kg. 
cal. (Penney, Proc. Phya. Soc., 46,1934). To what extent this may 
be modified by the substitution of two COOCH, groups is too difficult 
to calculate. Isostilbeno (cis diphenyl ethylene) likewise isomerises 
to stilbene upon heating, the energy of activation now however rising 
to 42-8 kg. cal. and no less than 24 square terms are necessary to 
account for the observed rate of reaction. While it would be 
premature to generalise upon these results it must be emphasised 
that a rather difierent type of excitation is involved. In normal 
decomposition reactions it is almost certain that activation consists 
in the stretching of the bond to be broken (how far deformation 
vibrations need be considered is not yet known) whereas in these 
ethylene isomerisations a twisting frequency is excited. Trans¬ 
mission of energy from the remoter parts of a molecule to break 
a single bond or to twist a double one may possess widely different 
probabilities. It is to be hoped that further examples amenable 
to experimental study will be discovered to throw more light on 
the nature of the transfer of energy in these reactions. 

GEOLOGY. By G. W. Tybkeli,, A.R.C.Sc., D.So., The University, 
Glasgow. 

loNBOtrs Activity and Ionkoits Rock.s—Extba-Edbopban.— 
Some dike rocks from Mount Johnson, one of the Monteregian Hills, 
have been described by F. F. Osborne and N. L. Wilson {Jmim. CM., 
XLII, 1934, 180-7). Two radial joint planes traversing the 
plutonic core of the mountain are occupied respectively by a tinguaite 
rich in magnetite and ilmenito, and another tinguaitic type rich in 
alkali-amphibole. Dikes of camptonite occupying joints have 
occasionally been chilled to glass. 

The alkaUne stock of Pleasant Hill, Maine, described by W. F. 
Jenks {Amer. Joum. Sci., XXVIII, 1934, 321-40), consists mainly 
of nordmarkite with subordinate syenites. It belongs to the New 
England-Quebec (Monteregian) petrographic province. The intru¬ 
sion may have been emplaced by a modified ring-fracture mechanism, 
or by piecemeal stoping accompanied by abyssal assimilation. 

J. E. Maynard has re-examined a large collection of quartz- 
bearing plutonic rocks from the state of Vermont {Joum. CM., 
XLII, 1934, 146-62) in the light of Johannsen’s classification, and 
has worked out their systematic position and nomenclature. 
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Granites, granite-gneisses and related intrusive rooks underlie 
much of western Oonnectiout, occurring as dikes, sills and larger 
massifs. With their associated pegmatites they abundantly inject 
and impregnate the older formations. W. M. Agar (Amer. Journ. 
Sci., XXVII, 1934, 354-73) describes those intrusions which can be 
recognised as separate units and discusses their distribution and 
relative importance in penetrating and altering the older schists and 
gneisses. 

Dr. C. S. Kitchen describes the interesting pegmatites of Fitch¬ 
burg, Maine (Amer. Mineralogiat, 20, 1936, 1-24), which fall into 
five groups, namely, biotite, tourmaline, beryl, titanite, and allanite- 
bearing types. These types appear to have been injected in the 
given sequence. A progressive increase in soda content has been 
noted in the series, leading to the replacement of microcline by albite 
in the later members of the succession. 

Hyporsthene-granodiorite occurs for a distance of 260 miles as an 
occasionally interrupted belt on the north-west side of the Catoctin- 
Mountain Blue Ridge anticUnorium of Virginia. It is fully described 
by Dr. A. I. Jonas {Bull. Oeol. Soc. Amer., 46, 1936, 47-60), and its 
associations with granite and unakite elucidated. 

The Snowbank Stock of Minnesota, of which R. Balk and 
Professor F. S’. Grout have made a structural study by the Cloos 
method {BvU. Oeol. Soc. Amer., 45, 1934, 621-36), consists of succes¬ 
sive intrusions of syenite and granite. It is shown that the mass rose 
as an elliptioally-shaped body which crowded aside its walls so that 
the adjacent schists were deformed for about a mile from the contacts. 

The same authors have also studied the great Boulder Batholith 
of Montana by Cloos’s methods {Bull. Oeol. Soc. Amer., 45, 1934, 
877-96). They have come to the conclusion that this igneous mass 
is a typical transgressive batholith which has moved in a general 
upward direction, and has a wide direct connection with magma in 
great depths. 

A full description of Mount Shasta, the great Cascade Mountains 
volcano, has been given by Professor Howel Williams {Zeitachr. /. 
Vvlk, XV, 1934, 226-63). He discusses the volume and form, 
growth, structure, age and petrography of the cone. 

The same author continues his studies of the Cascade volcanoes 
with a description of Newbery volcano in central Oregon {BuU. Oeol. 
Soc. Amer., 46, 1936, 263-304). The lavas are rhyolites, andesites 
and basalts. The history of the volcano is highly complicated with 
the formation of domes and parasitic vents. Its magmatic histoiy 
supports Kennedy’s view that olivine-rich basaltic magma is 
intimtely connected with the centralisation of igneous activity. 
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In a controversial paper contributed by R. E. Fuller and M. G. 
Hoffman {Joum. Oed., XLII, 1934, 311-28), the authors discuss 
some structural features in the Columbia lavas of central Washing¬ 
ton. Hoffman criticises Fuller’s view that ellipsoidal lavas and beds 
of granulated glassy breccias, etc., were formed by advance into 
shallow water basins along the margins of the lava fields, and 
maintains that air cooling would be sufficient to produce the disputed 
structures. 

J. B. Stone and E. Ingerson have written a valuable account of 
the little-known volcanoes of southern Chili (Amer. Joum. Sci., 
XXVIII, 1934, 269-87). The lavas are described as mainly olivine¬ 
bearing basalts, but from the given descriptions and from two 
recorded silica percentages it is possible that the rocks would be more 
correctly described as basic pyroxene andesites. 

Dr. W. F. Hume presents a third series of rocks analyses from 
Egypt {Oeol. Mag., LXXII, 1936, 8-32). The analyses, which com¬ 
prise gneisses, schists, serpentines, and various igneous rooks, have 
been carried out by H. F. Harwood and L. S. Theobald. 

One of the outstanding petrological memoirs of the year is that 
by the veteran Professor A. Lacroix on the volcanism and lithology 
of Tibesti in the eastern Sahara {Mem. Acad. Sci. Inst, de France, 61, 
1934, 169-371). Tibesti consists largely of enormous volcanic 
massifs which are probably of Tertiary age. The rocks are rhyolites, 
trachytes and phonolites, vidth a basaltic facies comprising dacitoids, 
andesites, basalts and basanitoids. The ancient basement rooks of 
the country are jjenetrated by a set of dikes including nepheline- 
syenite, theralite, tinguaite, etc. New analyses to the number of 106 
are published, and Professor Lacroix gives instructive comparisons of 
Tibestian petrology with that of regions in north and east Africa. 

The “ Younger Intrusive Rooks of the Kudaru Hills, Nigeria,” 
described by A. D. N. Bain {Quart. Joum. Ckd. Soc., XC, 19M, 
201-39), are chiefly notable for the occurrence of acid igneous rooks 
containing fayalite and riebeckite, and for the fact that most of the 
minor intrusions form a series of cone-sheets. This is so far the 
only known occurrence of cone-sheets outside the Tertiary province 
of the West of Scotland and North of Ireland. 

The petrography and tectonics of the Pretoriar-Johannesburg 
Granite, an inlier of the Basement Granite of the Transvaal, is 
described by J. WiUemse {Trans. Oed. Soc. S. Afr., XXXVI, 1934, 
1-28). The locus of the intrusion seems to be intraformational. 
A considerable amount of cataclastio deformation has occurred, and 
the encircling sediments are domed. 

B, V. Lombaard describes the felsites of the Bushveld fV»T nr V > v 
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with Beveral new analyses (Trans. Oeol. 8oc. 8. A/r., XXXV, 1933, 
125-90). An occurrence at the Premier Mine appears to be a 
composite sill consisting of quartz-gabbro, intermediate types and 
felsites, grading into one another. This is explained by a theory 
of mixing between magmatic fractions generated at different periods. 
The Regenstein vent in the Auas Mountains south of Windhoek, 
South-west Africa, contains a number of interesting alkaline igneotis 
rocks, which have been described by T. W. Grevers (Trans. Oeol. 8oc. 
8. Afr., XXXVI, 1934, 77-88), These include phonolites with 
analcitised varieties and analcitite, containing inclusions of shon- 
kinite and alkaline peridotite. Trachytes and limburgites also 
occur within this region. 

Dr. Gevers also describes the Kaoko Eruptives and Alkali-Books 
at Cape Cross, South-west Africa (Trans. Oeol. 8oc. 8. Afr., XXXV, 
1933, 85-96). There is here a series of basalts of Stormberg age, 
which are intruded by late differentiates consisting of gabbro, 
granophyre and porphyrite. A younger series of alkali rocks—soda- 
syenite, bostonite and tinguaite—are of Post-Karroo age. 

Four Deccan Traps from Linga, Chhindwara District, Centralf 
Provinces, India, have been petrographically described by Dr. L. L. 
Fermor (Bee. Oeol. Surv. India, LXVIII, Pt. 3, 1934, 344-60) with 
four new analyses by Raoult. While olivine-dolerites and olivine- 
poor basalts are represented, the chemical analyses are remarkably 
similar. Comparison with Washington’s analyses of Deccan Traps 
shows that there is a progressive change in composition from the 
Lower to the Upper series of Traps, leading to increasing alkalies 
and alumina. 

The Pre-Cambrian “ GwaUor Traps ” from Gwalior, India, are 
described by M. P. Bajpai (Joum. Oeol., XLIII, 1935, 61-75) as 
quartz-dolerites occurring mainly as sills. Six analyses are given. 
The richness of these rocks in alkalies, especially soda, the absence of 
quartz, the invariable presence of olivine and in four oases nepheline, 
in their norms, are totally at variance with their description as 
quartz-dolerite. 

The igneous rooks of Indo-China, described in a fine memoir by 
Professor A. Lacroix (Bull. 8erv. Oeol. de I’Indochine, XX, Faso. 3, 
1933, 1-208), belong to two main age-groups, Pre-Tertiary and 
Tertiary. The former comprises a granite-diorite-gabbro and a 
syenite-monzonite-nepheline syenite series with corresponding lavas 
excepting phonolites. The Tertiary series is composed of basalte, 
traohybasalts, basanitoids and limburgites. No fewer than 141 new 
chemical analyses are published, and comparisons are instituted with 
Malaysia, the East Indies, and Eastern China. 
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L. F. Yih and T. Y. Yli describe The Igneous Geology of the 
Nanking Hills {Mem, Nat, Res, Inst. Oeol,, Nanking^ Ser. B, Vol. 1, 
83 pp. qto, 18 plates and maps). Dacite and rhyolite lavas erupted 
at the close of the Lower Cretaceous, were followed by granodiorite 
intrusions penetrating Silurian to Cretaceous strata with strong 
contact metamorphism. These were followed by gabbro-diorite and 
apUte intrusions probably in the early Tertiary. A very widespread 
Quaternary basalt lava flow occurs on both sides of the river 
Yangtse. The petrography and petrology of all those igneous rocks 
are very fully treated. 

T. Tomita describes olivine-trachybasalt from Ching-Hsing, 
North China {Joiirn, Shanghai Sci, Inst,, Sect. II, Vol. I, 1933, 1~10). 
This flow, in common with all other analysed Kainozoic basalts from 
China and neighbouring countries, contains normative nepheline. 
An anomalous feldspar of high temperature formation, potash- 
andesine, which elsewhere has been called anomousite, occurs in 
these lavas. 

The so-called “ leuoite-basalt from Ryudo, Korea, is shown by 
the same author to be a quite typical analcite-basalt {Jonm. Shanghai 
Sci, Inst,, Sect. II, Vol. 1, 1933, 25-39). Two new analyses support 
this view, and render the figure, KjO, 10 04, given in an earlier 
analysis, “ incomprehensible (sic), 

T. Nemoto describes two kinds of alkaline rhyolites from Hok¬ 
kaido, Japan (Journ, Fac, Sci, Hokkaido Imper, Univ., Ser. IV, 2, 
No. 4, 1934, 299-321), occurring in the midst of that dominantly 
calcic igneous province. One is an segirine-augite hyalo-rhyolite 
(or okatvaite), the other a oomendite, of which chemical analyses are 
given. 

S. Kozu describes in great detail the great outburst of the volcano 
Komangatak6 in 1929 {Tschermak, Min, u, Petr, MiU,, 45, 1934, 
133-74). Amongst other topics he discusses an excellent series of 
temperature measurements of the ejected pumice for three years 
after the eruption, and deduces therefrom its rate of cooling. Petro¬ 
logical and chemical studies of the pumice and of its interesting 
cordierite-rich inclusions were made. 

N. Krijanovsky has given a descriptive list of the 127 known 
volcanoes of Kamtchatka, 19 of which are active or in a solfataric 
condition {Bull, Oeol, Soc, Amer,, 46, 1934, 529-50). This work is 
valuable as much of the literature is in Russian. 

Dr. A. B. Edwards describes the Tertiary dikes and volcanic 
necks of South Gippsland, Victoria {Proc, Roy. Soc, VicL, XLVII, 
Pt. 1, 1934, 112-32). The dikes, which form a N.W. swarm, are of 
Lower Oiigocene age and are intruded into Jurassic sediments. 
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The suite oomprises traohyandesites, olivine-analcite-dolerites and 
-basalts, monchiquites and oliTine-nephelinites. These rooks are 
considered to have been derived from an initial olivine-analoite- 
basalt magma by gravity-differentiation under “ agpaitic ” con¬ 
ditions (Backlund). The analoitisation, however, is regarded as an 
independent process. 

Miss G. A. Joplin has described an interesting case of reaction 
between diorite and limestone at Ben Bullen, New South Wales 
{Oeol. Mag., LXXII, 1936, 97-116). Diorite injections in limestone 
have given rise to a series of contaminated rocks which contain 
definite mineral assemblages. These are sharply defined and occur 
with a rough concentric arrangement about the igneous injections. 
The concentration is regarded as the most important physical factor 
in contamination. The process seems to have taken place at low 
temperature and in the presence of abundant volatiles of which 
water was the most important. 

The problem of the origin of the Brisbane Tuff formation has 
been attacked anew by Professor H. C. Richards and W. H. Bryan 
{Proc. Roy, Soc. Queensland, XLV, No. 11, 1934, 60-62). The 
lower stratified portion of the formation presents no unusual 
features ; but the upper or Massive Tuff is explained as due to an 
enormous eruption of the incandescent avalanche type, having much 
in common with similar occurrences in New Zealand and Alaska. 

Dr. G. J. Williams discusses the mechanism of injection illustrated 
by a granite—schist contact in Stewart Island, New ^Zealand (Quart. 
Joum. Qeol. Soc., XC, 1934, 322-63). An interesting petrological 
conclusion is that the formation of myrmekite is due to gaseous 
emanations passing through the consolidated granite, a reconstitu¬ 
tion which may be regarded as a mild form of greisenisation. 

PEDOLOGY. By Pbofxbsor N. M. Comber, D.So., A.R.C.S., F.I.O., 
The University, Leeds. 

It is fitting to refer here to the services to soil science of Sven Od^n 
of Sweden, and of Gintaro Daiknhara of Japan, who have died 
during 1934. Oddn did pioneer work in the study of soil colloids 
and made notable contributions to our knowledge of humus. 
Daiknhara’s work was mainly associated with problems of soil 
acidity and lime requirement, and he played important parts in the 
major developments of that branch of soil science. 

Thb Mikbbalooy and Ckhmistby of Ciay. —This, the main 
subject of this section of “ Recent Advances ” two years ago, has 
been the subject of a lot of work in the last year or two and it was 
intended chiefly to devote this space to an account of that work. 
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Conceptions are changing so rapidly however, and major develop- 
mmits seem so imminent, that no more will be done here than to refer 
to the prominence of this topic and to express the belief that a full 
and interesting statement will be possible in the near future. 

Soil Water and Soil Strdcjturb. —Among the many tacit 
assumptions of the early soil scientists was that of the capillary 
movement of water in soil, replacing, in the elfort to re-establish 
equilibrium, water removed by plants and by evaporation. The 
recent shattering of that view is doubtless well known, and the view 
that roots go in search of water has largely replaced tlie teaching 
that the water creeps to the roots; 

The movement of water to drains which also had a capillary 
explanation is now known to be essentially a gravitational move¬ 
ment through natural cracks or through cracks and fissures induced 
by the operations of laying tiles and through the coulter out of mole 
chains. In this connection recent observations and work by 
H. H. Nicholson of Cambridge are interesting—particularly a study 
of changes in the structure of mole drains (</. Agric. Set., 24, 185). 
The disturbance of the surrounding soil during the operation of mole 
draining—once tacitly assumed to be inimical—appears to be 
helpful to the flow of water to the drain although per contra the 
incidence of a breaking of the wall of the drain tends to silting up. 

There are two converse spheres of study in connection with 
problems of water movement and soil structure, the crevices through 
which the water moves (the importance of which has been vividly 
realised in the recent practice of studying soil profiles and taking 
monoliths) and the structure of the aggregates whose surfaces are the 
sides of the crevices. 

The study of the large aggregates has long been prominent in the 
Russian work on soil genetics, and some rather elaborate attempts 
have been made to classify different types and shapes of aggregates 
and to correlate them with the genetic soil types. The importance 
of this study of structure is to receive emphasis apparently at the 
International Soil Congress to be held in this country this year. It 
may be contended with some reason that this line of study yields 
something which the long standing study of the prime soil particles— 
the familiar mechanical analysis—can never give, and mpiobA-ningl 
analysis is therefore being given a new perspective in the conspectus 
of Pedology, 

E. W. Russell (J. Agric. Set., 24, 316 ; Phil. Trane., 233 A, 361) 
has published some papers describing studies of the imbibition of 
water and of non-polar liquids. The most interesting issue of this 
work is a new hypothesis of crumb formation, namely, that by bridges 
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of dipolar water moleoulas, cations bind the negative charges of clay 
particles. There is a correlation between the exchangeable ion 
content of a clay and the contraction in volume of a polar liquid. 
Moreover, the strongest crumbs were formed in clays of small 
particles containing sufficient small exchangeable ions and dried 
from a polar medium the molecules of which are small. 

In spite of the increased recognition from various points of view 
of the vertical and horizontal heterogeneity of soil, the practice of 
taking a mixed sample for certain analytical purposes still persists. 
An interesting paper by Sokolov (2. Pfl. Dung, 34 A, 129) deals with 
the importance of more fully recognising soil heterogeneity. It is 
shown for instance that the influence of ammonium sulphate on the 
availability of phosphate is seen when the two are applied together 
more than when applied separately. The total amount of each in a 
given volume of soil, and even the uniform distribution of each, are 
inadequate considerations. It is the places where they are in con¬ 
tact that have to be considered. 

j Soil Genetics. —The examination and description of soil profiles 
continue to increase and to make effective, if sometimes slow, con¬ 
tributions to our knowledge of the processes of soil genetics. A paper 
by Lundblad (Soil Set., 37, 157) on some Swedish soils is significant 
in making a contribution to the clarification of our views about 
podsols and brown forest soils. It has been held by some that brown 
forest soils are podsols in the making, while others have regarded them 
as a distinct type. Lundblad has examined several Swedish podsols 
and brown forest soils by an oxalate extraction method due to 
Tamm.^ The results give some weight to the view that brown forest 
soils and podsols are distinct. For instance, the variations with 
depth of oxalate-soluble iron in the brown forest soils show no corre¬ 
spondence with the figures from the podsols or any evidence that 
those soils are potential podsols. 

* Nitboobn and Organic Matter. —From the Bureau of 
(Chemistry and Soils U.S.A. Department of Agriculture (Anderson 
and Byers, Soil Sd., 38, 121), there has recently been published a 
paper on the C/N ratio of soils in relation to soil classification. 
There is confirmation here of other recent observations that the ratio 
is very much more variable than was at one time supposed. The 
C/N ratios of Chemozens, Prairie soils, Podsols and Laterites are 
considered. In each group there is generally a decrease in the C/N 
ratio with depth but the variation is often irregular. The ratio 

^ The oxalate solution is said to extract the migratory iron, aluminium 
and silica associated with the soil colloids, although Lundblad brings evidence 
to show that the ageing of the colloids reduces solubility in oxalate solution. 
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varieB among the soils of any one group—^the Chemozens are the 
most consistent—but there is some evidence of an essential difference 
in the organic matter of the various groups. 

The Research Station at Jealotts Hill and the Rubber Research 
Institute of Malaya have produced two papers on soil microbiology 
particularly in reference to tropical conditions (Corbet, Soil Set., 37 , 
109 ; 38, 407). It is found that under the conditions of temperature 
and humidity that prevail in Malay the number of soil micro¬ 
organisms remains fairly constant at about 600,000 per gram—a low 
figure compared with those of temperate soils. The soil temperature 
in the forest is constant at about 24-26° C. It is raised when the 
forest is cleared and then there is a fall in the nitrogen and organic 
matter, but no increase in soil population. The usual theory that the 
loss in organic matter follows an increase in bacterial activity with 
the higher temperature appears therefore to be under grave suspicion. 

Corbet also shows that under laboratory conditions the evolution 
of carbon dioxide from a soil follows the equation (in a modified form) 
of Lemmermann and Wiessmann, namely 

y — Fi” 

Where y is the total 3 rield of carbon dioxide after a time f and w is a 
constant expressing retardation in gas evolution under the experi¬ 
mental conditions and F is the yield of carbon dioxide in unit time 
at the beginning of the experiment. F therefore represents the 
microbiological activity of the soil under constant temperature con¬ 
ditions and is, therefore, of practical significancte in tropical soils. 
It is further found that while the evolution of carbon dioxide is 
proportional to the bacterial numbers while those numbers are 
increasing, during the phase of decrease only a portion of the micro¬ 
organisms participate in carbon dioxide production. 

Soil Phosphoetjs. —The phosphorus compounds of soil have 
received considerable attention in the last year or two. Dean (Soil 
Set., 37 , 253) has studied the removal of phosphorus by electro- 
dialysis. From this work it seems that for the time being the 
utilitarian purpose of determining the availability of soil phos¬ 
phorus is still likely to be best served by acid extraction, but eleo- 
trodialysis will probably be very useful in studying the more funda¬ 
mental problem of the place of the phosphate ion in the soil—a plaoe 
which is probably more essentially related to the constitution of the 
soil than has hitherto been thought. Electrodialysis may however 
be useful in determining availability in calcareous soils, as shown by 
McGeorge (Soil Set., 38 , 347). 

Other papers (Heck, Soil Set., 37 , 243 ; 38 , 463) show that the 
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fixation of phosphorus is intimately related to the degree of base 
saturation of the soil. 

Spencer and Stewart (Soil Sci,, 38, 65) have concerned themselves 
with the differentiation between the unavailability of phosphorus 
on account of its form of chemical combination and that due to its 
fixation in the upper horizons with consequent deficiency in lower 
parts of the root range. They consider that phosphorus in certain 
organic combinations can sink to greater depths and escape the 
fixation of phosphorus in inorganic compounds. 

BOTANY. By Profkssor E. J. Salisbury, D.Sc., F.R.S., UniverBity 

College, London. 

Geographical Distribution. —Several contributions to our know¬ 
ledge of plant distribution in Denmark have recently been published. 
Knud Jessen (Bot. Tidskr.y 42 H. 2, 1935) deals with the Liliales 
and maps the distribution of 32 species. Amongst the more interest¬ 
ing species, it may be noted that Maianthemum bifolium and Con- 
vallaria majalis are of frequent occurrence throughout the entire 
area :#the oceanic Narthecium ossifragum has a western distribution 
in Denmark : Polygonatum verticiUatum has a discontinuous occur¬ 
rence mainly in eastern Jutland which, together with its extension 
to the extreme north of the Scandinavian Peninsula and its absence 
from south-east Sweden and Finland, is held to indicate tliat it 
immigrated from the south along two routes corresponding to those 
of the berry-eating migratory birds. 

Polygonatum officinale, which is a marked calcicole in Britain, 
is absent or rare from several of the most calcareous parts of eastern 
Jutland and the islands. 

The species of Oagea exhibit a series of increasing restriction to 
the eastern parts. Oagea lutea occurs sparsely in west Jutland; 
0, minima and G. pratensis only occur sparsely in eastern Jutland 
and Punen, mainly in 2iealand, wliilst G. arvensis is confined to the 
south-eastern islands. 

The southern species are conspicuously coastal in their distribu¬ 
tion, which is attributed to the more favourable conditions of the 
milder and longer autumns for the ripening of their fruits. 

One cannot but be struck by the fact that of the thirty-two 
species mapped only one Polygonatum officinale appears to show 
any tendency to be restricted to the drier sands and gravels of 
middle Jutland. 

The distribution of the Danish Rhodophyoese is described by 
L, K. Bosenvinge (Jfcfec. Acad, Roy. d. Sci. Denmark, 6, No. 2, 1936, 
1-46). Six species although only known from these waters, viz, 

1 
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three species of Bhodcx^iiorton, two of Mdobeaia and one of Ceramium, 
are regarded as unlikely to prove endemic. The number of species 
diminishes greatly as one passes from the Kattegat to Baltic waters, 
a diminution which is attributable mainly to the decreasing salinity. 
Near the island of Bornholm there are only twenty-six species, of 
which half are cold-boreal types, about a quarter sub-arctic and less 
than a sixth warm-boreal. In the Kattegat area the total number 
of species is about six times larger (168 app.) of which more than 
half are warm-boreal types (63 per cent.), about one-third cold- 
boreal and about a tenth sub-arctic. 

The third contribution by Aage Lund {ibid., 6, No; 1, 1-98) 
gives an account of the freshwater Phycomycetes with particular 
reference to the reaction of the water. Species of Aplanea, of 
Saproleguia, Pythiomorpha undniaUi and Sapromycea Reinaepii are 
typical of highly acid waters, whilst species of Monoblepharis of 
Blaatocladia, Pythiomorpha gonapodyidee, AMya radioaa and 
Maerochytium botrydioidea exhibit a marked preference for alkaline 
waters. Nevertheless the results of experimental cultures suggests 
that the pH of the medium is not the master factor. % 

B. Lindquist has studied the distribution of the types of Pinua 
aylveatiea in Sweden (Norrlanda Skogavardaforbunda Tida, 1, 1936, 
1-86), and finds that these fall into three categories. A type with 
a broad crown about six metres wide predominates in the south 
and this is further distinguished by having needles with a modal 
length of about 4 cm. and air sacs on the pollen grains of about 
40p in length. A narrow-crowned type predominates in the north 
and is closely related to the narrow-crowned type of the south 
and a broader-crowned type which occurs in the north; all these 
have needles with a modal length of about 3 to 3-5 cm. and air 
sacs from 36 to 40p. The determination of the precise relationship 
of Far. acotica to these Swedish types is a matter of some interest. 

Beproduotiok. —Kostoff records species crosses of Nieotiana 
with 72 chromosomes which were pronounced dwarfs despite the 
high chromosome number. The species crossed were N, gjUmca 
and N. ruatica and the interesting point was observed that whereas 
the cross using the variety humilia of N. ruatica resulted in embryo 
formation, these embryos die during the early stages of develop¬ 
ment. When N. ruatica v. texana was employed the embryos 
developed normally {Current Science, 1936, 366). 

According to Kansik {ibid., p. 357) the embryo sac of VtricvJaria 
coarulea when it has reached the quadrinuoleate stage has grown 
to such an extent that the egg apparatus is constituted as an 
extrusion outside the mioropyle, the externally situated egg forms 
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a tubular outgrowth after fertUisation which passes down the 
mioropyle into the endosperm, the embryo being differentiated at 
the tip. 

The phenomenon of polyembryony is a familiar one in the 
Butaoeous genera Citrua and Xanthoxylon. In the Grape Fruit 
one embryo is the product of a fertilised egg, the other is nucellar 
in origin. In Xanthoxylon all the embryos are nucellar. In 
Murraya Koenigi (R. S. Chakiavarthy, Current Science, 1936, 361) 
there is fertilisation as in Citrus, but numerous nucellar embryos 
may develop although only two or three attain the cotyledonary 
stage. 

In 1907 eighty strains of Turkey red wheat were selected and 
grown at the Nebraska Agricultural Station. The marked differ¬ 
ences between their yields when first separated have in fourteen 
or fifteen years reverted to that of the original variety. The data 
furnished indicate a gradual diminution in the divergence from the 
original stock, which divergence by 1922 had become negligible 
(H. F. Smith, Jour. Council Sci. and Induat. Rea., 8, 1936, 37). 
An interesting case of viviparous development of seedlings is reported 
by M. Ohouseuddia and M. Sayeeduddin (Current Science, III, 1936, 
434). The plant concerned was the Cucurbitaceous Coccinia indiea 
and the embryos had emeiged through the pericarp. The chief 
feature however was the apparent transformation of one cotyledon 
into a lobed leaf and the other into a tendril. If this interpretation 
should be substantiated it would afford strong support for the 
view that the tendrils of this family are modified leaves. 

Economic. —The economic seawe^ of the Kwangtung province 
of southern China is the subject of a paper of C. K. Tseng (Lingnan 
Sci. Jour., 14, 1936, 93). The most important are Digenea aimplex, 
used as an anthelmintic drug and of which the annual crop is valued 
at about £666,000: Eucheuma gelatines, used as a mountant and 
for the manufacture of agar-agar, which yields a crop valued at 
£266,000: Oloiopdtia furcala, used as a sizing material in the silk 
industry: Porphyra, used as a food, and Sargaaaum, used as a drug, 
as food and for making a beverage. Eleven other kinds of minor 
importance are also cited. 

ENTOMOLOGY. By H. F. Barmxs, M.A., Ph.D., Rothamsted Experi¬ 
mental Station, Harpenden. 

Gbnbbal Entomology. —A recent paper by R. J. Tillyard (Ann. 
Ent. Soc. America, 28, 1936, 1-46) deals with evolution of the 
scorpion-flies (Order Meooptera) and their derivatives. Among Us 
oonolusions are the following: the Meooptera originated in the 



SGTENOE PBOGRESS 


116 

Upper Carboniferous times from an unknown ancestor shared with 
the Neuroptera. In the early Permian the Mecoptera were divided 
into the two sub-orders, the Protomecoptera and the Eumecoptera, 
The former was never a successful group and to-day there remain 
but three isolated genera. The Eumecoptera on the other hand 
were dominated in Permian times by the Perraoohoriatidse. This 
family by the Upper Permian had penetrated as far as Australia 
and was probably world-wide. The Diptera arose in the Southern 
Hemisphere in Upper Permian times from Paratrichopterous 
ancestors; the Trichoptera, first found in the Lower Lias of the 
Northern Hemisphere, were descended from specialised Permo- 
choristidsc; the Lepidoptera are closely allied to the Trichoptera 
and must have been derived from a common ancestor with them 
in the Trias ; and the Siphonoptera are not descended from the 
Diptera as is usually believed nor from the Trichoptera (in this 
Tillyard disagrees with Crampton), but must be traced back either 
to some highly reduced and specialised type of Permochoristidse or 
to an allied form within the Paratrichoptera. Their evolution is 
bound up with that of Mammals and Birds so demanding an 
ancestral type with a terrestrial larva. Tillyard summarises his 
conclusions in the form of a phylogenetic table. 

In insects with a complete metamorphosis usually most of the 
larval tissues disrupt and the imago regenerates from scattered 
masses of dormant embryonic tissue (imaginal discs). But this 
process is not always the same ; for example in the beetle Oaleriicdla 
Poyarkoff showed that the epidermis becomes directly oonvei^d 
into that of the imago after its cells have undergone a process of 
rejuvenation. Also usually the imaginal tissues arise from undiffer¬ 
entiated parts of those larval organs which they will eventually 
replace. But Mansour demonstrated that in Caland/ra the imii.gin al 
mid-gut arises not from local replacing cells as in other insects 
but finm the fore-gut of the larva. Further, extensive phagocytosis 
takes place in Muscids but in some other insects it apparently does 
not even occur. Florence V. Murray and O. W. Tiegs {Q.J.M,8., 77 1 
1935,405-96) have described in detail the metamorphosis of Caiandra 
oryzce. Several interesting observations have been made. The 
larval epidermis and its derivatives are directly converted into 
those of the imago, the larval cells extruding some of their chromatin 
and 03 rtoplasm and multiplying considerably. This same phenome¬ 
non is seen in the dormant imaginal cells (e.g. the myoblasts), thus 
throwing doubt on the hypothesis of “ rejuveimtion.” Some tissues 
{e.g. muscles, Malpighian tubes) regenerate from local dormant cells, 
but the mid-gut is almost entirely r^enerated from the fore^gut, 
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the local imaginal “ replacing ” cells taking only a small part in 
its formation. In the insect studied phagocytosis is only of minor 
importance in the removal of larval tissues. The last point of 
major interest is that some larval elements may not disappear till 
after the imago emerges. 

In an earlier paper that has already been noted (Science 
Pbooress, No. 113, 1934, 128-9) V. B. Wigglesworth studied the 
histological changes in the epidermis during moulting and meta¬ 
morphosis in Bhodniua prolixua. More recently {Q.J.M.8., TJ, 
1934, 191-222) the same author has analysed some of the factors 
which regulate these processes. He finds that in moulting there 
is a “ critical period ” before which if the head of the insect is 
removed moulting does not take place. This period corresponds 
with the time when mitotic divisions in the epidermis begin. After 
this period the blood contains a factor or hormone which will induce 
moulting even in insects decapitated soon after feeding. Wiggles¬ 
worth suggests that this hormone may be secreted by the corpus 
allatum as the cells of this gland show signs of the greatest secretory 
activity during the critical period. Stretching the abdominal wall 
by a large meal provides the stimulus which causes secretion of 
the moulting hormone. The stimulus is conveyed by nerves to 
the brain. The fact that insects, sharing the same blood, moult 
simultaneously shows that the whole process of growth is co¬ 
ordinated by chemical means; the factors concerned apparently 
being produced by the growing cells themselves. 

With regard to the causation of metamorphosis the author finds, 
by various experiments with decapitated nymphs, that the absence 
of metamorphosis in normal nymphs before the fifth stage is due 
to an inhibiting factor or hormone in the blood. This inhibitory 
hormone is normally produced in small quantities and the head of 
the insect is necessary for its secretion. It appears after the moult¬ 
ing hormone. These results confirm the suggestion of Bodenstein 
{Arch. ErUw. Mech,, 128, 1933, 664-83) that the hormones associ¬ 
ated with pupation differ from those which cause larval moulting 
and also that the larval epidermis is capable of metamorphosis at 
a comparatively early stage. At the conclusion of this paper 
Wigglesworth suggests that diapause in other insects (when it is 
not brought about by the direct effect of the environment) may 
result from the temiwrary failure of growth-promoting hormones 
due sometimes perhaps to an inborn rhythm, sometimes perhaps 
to the indirect efiect of environmental factors (see O. Theodor 
under Diptera). 

The conclusions of this paper fit in with Goldschmidt’s hypothesis 
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that abiUMrmalities, such as prothetely (premature formation of 
pupal characters) and metathetely or neoteny (pupee with their 
metamorphosis imperfect), are due to an upset in the proper timing 
of developmental velocities. Wigglesworth has shown that the 
secretion of the moulting hormone precedes secretion of the hormone 
inhibiting metamorphosis; and if the early nymphal stages are 
decapitated before this inhibiting hormone is Mly formed, they 
develop adult characters in some degree (t.c. prothetely). On the 
other hand, if final stage nymphs receive the blood of earlier nymphs 
containing this inhibiting hormone they develop into adults show¬ 
ing imperfect metamorphosis (t.c. metathetely). 

In this connection it is interesting to note in passing that R. H. 
Nagel {Ann. Ent. Soc. America, 27, 1934, 425-8) has obtained oases 
of metathetely in larvse of Tribolium confuaum by submitting them 
to low temperatures, especially -6° C. for one to six hours. It 
should be mentioned that in larvae younger than those of the last 
instar no striking abnormalities were observed, those that were 
found being confined to the legs and thoracic segments. 

There are three ways in which an insect might lose body water 
apart from loss via the alimentary canal, namely (1) through the 
general surface of the body wall, (2) through the spiracular system 
or (3) through both. K. Mellanby {Proc. Roy. Soc., B, 116, 1934, 
138-49) has devised an apparatus which will measure accurately 
the amount of water evaporated from an insect to one-hundredth 
of a milligramme. From experiments carried out using this appar¬ 
atus it appears that practically all the water evaporated ^m 
an insect is lost by way of the tracheal system and that a thin 
integument may 1 m just as water-tight as one which is highly 
“ sclerotised.” 

The importance of serious studies on weed-insect parasites is 
emphasised by B. B. Pepper and B. P. Driggers {Ann. Ent. Soc. 
America, 27, 1934, 693-8). Non-eoonomic insects may well be 
intermediate hosts of parasites of the more important economic 
insect pests. The significance of this in biological control work 
is obvious. In this paper weed-insects are shown to be important 
in the case of the parasites of the oriental fruit moth. 

A paper by T. H. C. Taylor with three sections by R. W. Paine 
{Bull. Ent. Bee., 26, 1936, 1—102) deals fully with the campaign 
against Aepidiotua deatructor Sign, in Fiji. Attempts at biological 
control were made with parasites from Tahiti in 1920 and from 
Java in 1927. These were unsuccessful, but the introduction of 
predators in 1928 and 1929 from Trinidad was completely success¬ 
ful and these have controlled the scale insect ever since. The 
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mogt valuable predator was Cryptognatiia nodiceps, a Coooinellid 
beetle. 

In Btud}ring the influenoe of climatic conditions it is useful to 
have a record of the duration of moonlight. A new instrument 
for this purpose has been made by C. B. Williams and G. A. Emery 
(J. Set. InBtr., 12, 1935, 111-16). It consists of a cylindrical lens 
mounted on a light-tight drum which rotates at a speed of one 
revolution in 24 hours and 50 minutes, which is the average time 
of the moon’s apparent rotation round the earth. The axis of the 
drum is set pointing to the pole star and by means of a timing disc 
the drum is set each afternoon so that the lens follows the position 
of the moon. Inside the rotating drum there is a fixed drum on 
the outer surface of which is a strip of photographic bromide paper. 
On this the line image of the moon, produced by the cylindrical 
lens, is focussed. The darkening of the bromide paper gives an 
indication both of the duration and of the intensity of the moonlight. 

CJOLKOPTERA. —The whole question of the so-called symbiotic 
relationship between Coleopterous insects and intracellular micro¬ 
organisms is exceedingly interesting. According to P. Buchner 
{Hohndhmng und Symbiose, Berlin, Springer, 1928, and Tier und 
Pflanze in Symbioae, 2. Aufl., Berlin, Bomtrasger, 1930) these 
organisms play a vital role in the digestive processes of wood-eating 
insects and thus ensure an ample supply of carbohydrates for their 
host through their assumed ability to break down cellulose. This 
view, however, has been criticised by K. Mansour {Q,J.M.8., 73, 
1980, 421-36) and W. Ripper (Z. vergl. Phyeiol., 13, 1930, 314-33) 
who claim that in certain cases the intracellular micro-organisms 
ore of no importance for the digestive processes. Recently K. 
Mansour and J. J. Mansour-Bek {Bkd. Rev., 9, 1934, 363-82) 
reviewed this whole subject. More recently, however, K. Mansour 
(Q.J.M.3., *77, 1934, 255-72) has marshalled together the available 
evidence against the hypothesis of symbiosis between wood-eating 
insects and intracellular micro-organisms. He comes to the con¬ 
clusion that the micro-organisms should more correctly be referred 
to as commensals or parasites causing no conceivable harm to their 
host. As Ripper (1930) pointed out, the analogy between this 
association of micro-organisms and wood-eating insects and gall¬ 
forming insects and their host plants is attractive. The method 
of transmission of these micro-organisms firom one generation to 
the next always takes place by elaborate methods. In Catandm 
oryzee, for example, there is a definite infection centre (Mansour, 
1930). A. Koch (Z. Morph. Oekol. Tiere, 23, 1931, 389-424) showed 
that the mioro-orgaidsms penetrate the wall of the oviduct and 
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invade the advanced ovum. In a recent study of some Bostrychid 
beetles {Q.J.M.8., T7, 1934, 243-64), K. Mansom has shown that 
the micro-organisms from the paired myoetomes invade the testis 
lobes, multiply and mix with the sperms. Then they pass with 
the sperm during copulation into the bursa oopulatrix of the female. 
From this region they pass through the micropyle of the fully 
formed eggs during their passage to the outside. The myoetomes 
throughout life remain quite isolated from the alimentary tract. 

The latest account by J. C. F. Fryer (J, Min. Agric., 41, 1936, 
1068-62) of the recent outbreak of the Colorado beetle at Tilbury 
(see SciBNCB Pbogrbss, No. 113, 1934, 131) states that at present 
there is no place in the countiy that is now known definitely to be 
infested. However, it is emphasised that the counties, Essex and 
Kent, in which the beetles have been found must be regarded as 
under suspicion for at least another twelve months. 

Lepidoptera.— The importance of immunological reactions for 
the determination of relationships of various bacteria and indeed 
some plants such as hybrid wheats has been demonstrated in recent 
years. Now S, Martin and F. B. Cotner {Ann. Ent. Soc. America, 
27, 1934, 372-83) have studied the serological specificity of the 
proteins of certain moths. They have found from the reactions of 
certain proteins that the precipitin reaction is useful in determining 
phylogenetic relationships between genera and sub-families of the 
Phalsenidas. 

In a paper by D. L. Collins (J. Exp. Zool., 69, 1934, 166-86) 
on iris-pigment migration and its relation to behaviour in the opd- 
ling moth, it is shown that the position of the pigment granules 
varies according to the intensity of the light to which the moth 
is subjected. Under natural conditions light-adaptation b^an 
about half an hour before sunrise and was complete half an hour 
after sunrise regardless of the season of the year. Dark-adaptation 
began in March about an hour before sunset and was completed 
at, or soon after, sunset. In June, however, this adaptation to 
darkness began 20-30 minutes before sunset and was complete 
30-60 minutes after sunset. No artificial light used in the experi¬ 
ment was strong enough to cause light-adaptation to proceed at a 
faster rate than occurred in nature. Further, it was found that 
the codling moth is positively phototropic to a marked degree only 
when dark-adapted. Perhaps the most interesting result of this 
investigation is to know that all the vital activities of the mothS' 
—^mating, uviposition, feeding, migration—'are carried on almost 
exclusively during periods of changing light intensity, i.e. when ihs 
iris-pigment movements are taking place. The iris-pigment migra- 
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tions are an important &otor in determining the behaviour of the 
moths because the nature of the moth’s reactions to constant or 
changing light varies according to the position of the iris-pigment. 

Hsmiptera. —W. Maldw3TO Davies (Ann. Appl. Biol., 1936, 
106-16) has shown that migrating alatse of aphides infesting the 
potato crop in North Wales are more numerous in the Flintshire 
districts than in the south Caernarvon area. The mean monthly- 
values for relative humidity are consistently lower in the former 
district. Controlled experiments showed that high humidities 
inhibit the flight of these insects. This influence of humidity 
upon flight is considered to explain the fact that in North Wales 
infestations of aphides are always greater following a period of east 
winds, because from an examination of the meteorological data it 
is seen that the humidity is definitely lower on days when eaat 
winds are blowing compared with that during the prevailing south¬ 
west winds. 

H YMKNOPTEBA. —In a paper on the developmental stages of Bracon 
tachardiee Com. (Bull. EtU. Res., 25, 1934, 621-39), P. M. Glover 
has shown that the length of mandible is for practical purposes 
identical in a larva of any given instar and in its exuviae. The 
range of a given instar is wide but the extremes do not overlap. 
The lengths calculated on Dyar’s head-width principle approximate 
closely with the observed lengths, sufficiently to preclude overlook¬ 
ing an ecdysis. This makes possible the identification of the instar 
of fixed and mounted specimens. The factors of increase of head- 
width and mandibular length are fairly similar and can be substi¬ 
tuted for each other. This fact if of general application may be 
useful in the study of ecto-parasites. Preliminary investigations 
have shown that similar observations apply to Aphrastobracon 
flavipennis. The growth of the body of the larva from inst^^r to 
instar was found to be independent of the growth of the head 
capsule. The larvsB increased in weight and volume by about 3-6 
at each moult, while the head-size increased by the usual double. 

Diftbba.— The terms used at present in the systematic study of 
Diptera are defined and illustrated in a paper by P. H. Grimshaw 
(Proc. Roy. Phya. Soc, Edinburgh, 22, 1934, 187-216). It also 
includes an English translation of the keys for the determination 
of families which appeared in Lindner’s Die Fliegen der PaUearktischen 
Region. 

The hibernation of PUtbotomue papaiaaii was studied a few 
years ago by E. Boubaud. His observations showed that there 
was an asthenobiosis; this he defined as a resting stage independent 
of external faotcnrs and which occurs cyclically after a number of 
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active generations m a consequence of an intoxication of the tissues 
of the larval organism by a surcharge of urates. There was no 
hibernation due only to external factors. Roubaud stated that 
this intoxication disappeared during a prolonged resting stage at 
a low temperature, during which the metabolism of the larva is 
much reduced while excretion proceeds. After this purification the 
larva is able to resume its normal course of development and usually 
the actual awakening from the resting stage is effected by a rise 
in temperature. However, he found some irregularities in the 
asthenobiosis of this insect compared with that of other insects he 
had previously studied. Later Roubaud stated tliat in P. papalmii 
an intoxication of the eggs may occur in the body of the insect if 
oviposition is delayed and further that larvae hatching from such 
eggs incline towards asthenobiosis. O. Theodor {Btdl. Ent. Rea., 
25, 1934, 459-72) has attempted to see whether in Palestinian 
P. papaiaaii there is an asthenobiosis as defined by Roubaud or 
whether there is a hibernation due to external (or other) factors. 
This investigator comes to the conclusion that hibernation of this 
insect in Palestine is primarily caused by low temperature, but 
that cyclic (? hereditary) factors exist which modify the phenomena 
of hibernation to a certain extent. He also finds there is always 
a certain number of resting larva throughout the summer in other¬ 
wise active broods. This inhibition of development shows that a 
latent inclination to diapause exists in all generations and that 
diapause may also be brought about by unfavourable conditions. 
Theodor could find no relation between the interval between haj^ch- 
ing and oviposition and asthenobiosis. 

An important paper on the chemoceceptors of blowfiiee by 
N. E. Mclndoo {J. Morphol., 56, 1934, 445-76) has appeared in 
which the author deals with the morphology of all the so-called 
gustatory and olfactory organs of blowflies, and describes tests 
conducted to determine whether these insects taste with their tarsi 
and smell with their antennae and palpi. The outstanding jEoature 
of this contribution is that it is reported by this investigator for 
the first time that the olfactory pores are really oUaotory. For the 
last score of years or so their morphology has been described. 

A. C. Evans (BtiU. Eni. Rea., 26, 1935, 115-22) has studied the 
growth of the adult fat-body and ovaries in the sheep blowfly in 
relation to diet and to the abnormal air-sacs. He puts forward a 
new hypothesis that the abdominal air-sacs in flies of the Musoid 
type have but little respiratory function and are chiefly concerned 
in (1) preserving the increased volume of the newly emei^ed fly 
and (2) providing ample space vrithin the abdomen for growth of 
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the imaguml fiirt-body in the male and for the fat-body and ovanes 
in the female, both of which organs increase greatly in size. 

Othbb Obdbbs. —M. B. Dodson ( QJ . M . 8 ., 17 , 1985, 383-403) 
has described the structure of the female genital ducts, their accessory ’ 
structures and development in the Triohoptera and made a com¬ 
parison with the structure and development of the female genitalia 
in Lepidoptera. The ectodermal genital structures in female 
Trichoptera correspond in general plan to the supposed primitive 
condition in Lepidoptera, t.e. in which there is a single opening 
for egg-laying and copulation and only the oviduct has a direct 
opening to the exterior with the accessory copulatory structures 
leading dorsaUy on to the oviduct. The view is stated that the 
copulatory opening in Goleoptera represents the original common 
gonopore which is still present in Trichoptera. Backward shifting 
of the gonopore has taken place in many groups of insects but 
the Lepidoptera are peculiar in the retention of the original opening. 

ARCHJEOLOQY. By E. N. Fai.i.aizi!, B.A. 

Early Man in Africa. East Africa. —Professor P. G. H. Boswell’s 
investigations on the ground of the problems raised by Dr. L. S. B. 
Leakey’s interpretation of his later archeological discoveries in 
Konya have had, to say the least, a disturbing effect. In a pre¬ 
liminary report (Nature, March 9, 1935, p. 371) he regards the whole 
question of the early appearance of a type of modem man in East 
Africa as once more in suspense. Not only was he unable to locate 
the exact site of the discovery of the Kanam mandible and the cranial 
fragments from Kanjera, which Dr. Leakey holds to be the earliest 
evidence of modem man yet known, and of the occurrence in Kenya 
of a precursor of modern man, but he also concludes that the 
character of the quaternary deposits in the area is such as to afford 
no certain evidence which would determine the dating of the remains 
at the age suggested by Dr. Leakey. Further he is of the opinion 
that it is not possible to estabUsh in this area a culture sequence 
of Stone Age industries from the earliest type onward correspond¬ 
ing to that at Oldoway in Tanganyika as Dr. LeaJcey maintains. 

While the pendulum thus swings in Kenya, more stable and 
only a degree less stimulating conditions obtain in the arclueologioal 
exploration of Uganda. Here Mr. E. J. Wayland has been at work 
on the geology of the country since 1919. Now, in place of the 
intermittent view of the prehistory of the country he has afforded 
hitherto, he has prepared a continuous outline covering completely 
in chronological order the course of his investigations to date 
(J. B. AwOurop. Inet., 64, Ft. 2) as a preliminary to a Geological 
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Sarvey Memoir to be published shortly. He points out that recently 
the sphere of the prehistorian has been much enlarged and that 
it is now necessary to take into account climatic and physiographic 
conditions and their changes in relation to their effect on the 
activities of man. This is especially important in Uganda where 
there is evidence of fundamental changes in the lake and river- 
direction systems and the latest of earth-movements has been 
responsible for such surface features as the Rift Valley and Lake 
Victoria Nyanza. 

In summarising the results of his investigations bearing upon 
the prehistory of Uganda as shown in his chronological siuwey, 
Mr. Wayland interprets his evidence as pointing to two pluvial 
periods separated by an interpluvial period of aridity and each 
having an intrapluvial jwriod of comparative dryness. These 
periods can be correlated, though only tentatively, with the periods 
which have been discerned in the glacial oscillations of the European 
system. Associated with these climatic variations are progressive 
series of Stone Age cultures. 

In the first part of Pluvial I the rivers which previously ran 
east to west into the Congo system were deflected by rift into the 
Nile system. This period, Plio-Pleistocene and early Pleistocene, 
is correlated (tentatively as in all correlations mentioned below) 
with Giinz and associated with the early Kafuan industry. An 
intrapluvial oscillation follows, during which the rivers and lakes 
dwin^ed and the Lake Albert rift and Victoria basin were in¬ 
tensified. It was followed by the second stage of Pluvial I when 
Lake Victoria is definitely established and glaciers appear on 
Ruwenzori and other mountains. This is correlated with Mindel 
and associated with the Later Kafuan industry. In the following 
interpluvial the lakes dry up more or less completely. In the first 
phase of jwriod Pluvial II, correlated with Riss, Pre-Chellean and 
Protosangoan are followed by Ghellean-Acheulean and early San- 
goan. In the following intrapluvial oscillation Acheulean appears 
as a valley culture and Sangoan as a hill culture. In the second 
phase of Pluvial II the river-flow direction and Lake Victoria 
finally become more or less as they are to-day, owing to earth 
movements, Mousterian and Lower Aurignacian appear and 
develop into Still Bay and Upper Aurignacian, this period being 
correlated with Wiirm. It is to be noted that Aurignacian in 
Uganda has all the appearance of being a foreign culture and its 
distribution suggests an intrusion from north or north-eaat. In 
the post-Pluvial, corresponding to the Achen retreat, the Magosian 
appears and later the Wilton in a phase correspondmg to the Biihl 
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stadium. Here there ate only relatively small fluctuations in lake 
and river levels in accordance with climatic variation. In these 
miorolithic industries pottery appears with Wilton, though it seems 
to be earlier in Kenya. 

lllr. Wayland himself has of set purpose avoided search for 
remains of early man, owing to difficulties of supervision, but 
records two recent discoveries, one, by Archdeacon Owen of a 
primitive negro in association with stone toob fifty miles from 
Kampala, and a skull and skeletal parts of a pygmy-like individual 
with a broken crystal microlith from pistolitic red earth at Bug- 
gungu. These are to be published shortly. Though Mr. Wayland’s 
exploration of the quaternary deposits of Uganda may not have 
brought to light further skeletal remains of early man, they have 
demonstrated the character of the typical early industries and 
indicate with some degree of certainty the conditions in which the 
remains of early man may be expected to appear. This in itself 
is a notable advance. 

South Africa. —Meanwhile Professor T. F. Dreyer of Bloem¬ 
fontein follows a like line of argument in approach to the problem 
of “ prehistoric man ” of South Africa and the associated cultures. 
Writing before Professor Boswell’s report on Dr. Leakey’s observa¬ 
tions was available for his use, he points out (Nature, April 2U, 
1935, p. 620) that, assuming that Dr. Leakey has over-estimated 
the age of his deposits, the results from Kenya are very closely 
similar to those from the south coast of Africa. The cranial frag¬ 
ments from Kanjera resemble closely crania associated with the 
Mossel Bay culture of holooene age and a Jjate Stellenbosch skull 
belonging to a period of aridity immediately preceding the holooene. 
On this and still assuming an over-estimate on Dr. Leakey’s part, 
Middle Stellenbosch, presumably of the same race, would be com¬ 
pletely contemporaneous, more or less, with Kanjera man. 

On the other hand in the Free State, with the same reservation 
in regard to time, there are other resemblances. The Lydianite 
industry develops in a series of five distinct climatic cycles 
from a Clacton-like phase through Mousterian, Aurignacian and 
Magdalenian-like phases, all associated witli extinct species of 
mammalia. 

Professor Dreyer concludes, therefore, that in South Africa, as 
is now accepted for Europe by the Abb6 Breuil, the Chellean- 
Acheulean technique is contemporary with the Clacton-Mousterian 
teidinique, the difference in South Africa being due to difference 
in the material. A like distinction is to be seen in the human 
remains. SteUenbosoh is associated with Kanjera man (or better 
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“ prehistorio South Africans ”) and the CJlacton-Mousterian with 
the huge, very primitive ancestral form of H. Sapiens. 

North Africa. —In both east and south Africa looks to the 
north for help in the solution of its archaeological problems. The 
most recent research in North Africa indicates that reconsideration 
of certain problems on a wide basis is at hand, though the exact 
line it will take is by no means as yet completely evident. The 
necessity for this revision is pointed out in at least two recent 
studies of the Stone Age in North Africa. 

Miss Q. Caton-Thompson, who has been in charge of the ex¬ 
pedition of the Royal Anthropological Institute to Kharga Oasis, 
of which one of the objectives was the investigation of the associa¬ 
tions of culture and pluviation, in her Rivers Memorial Lecture to 
the Institute (summarised in Man for May) dealt with the bearing 
of her results on the problems of the North African stone age 
generally. Her investigations bring out very clearly the vital im¬ 
portance of water-supply in determining the distribution of early 
man. Its fundamental character is apparent even in the instance 
of surface finds in the desert, where digging has revealed the previous 
existence of water, although all traces of it have now vanished. 
The Elharga oasis itself is peculiarly favourable for determining 
increase of pleistocene moisture, free from fiuvial influence. Con¬ 
ditions there show that even in the Middle Palseolithic, when there 
was abundance of rainwater, man’s movements were still not un¬ 
fettered. Implements still cling to the two areas of artesian mound- 
springs, and elsewhere they are scarce. On the scarp tools crowd 
only in the localised region of travertine formation deposited by 
springs and seepi^. The importance of the mound-spring appears 
also to be evident in North Africa ; but there the Upper Aoheulean 
exhibits non-local peculiarities, which link with Palestine. Nothing 
comparable has been found in the Nile Valley. 

In the succession of cultures at Kharga the Acheuleo-LevaUois 
phase is succeeded by three different facies of Levalloisian. The 
Kharga Aterian belongs to a period of oncoming aridity, and thus 
it may be used as a convenient datum for the oncoming Upper 
Paheolithic distinction. Its typology has an archaic aspect, in 
which tanged points are scarce while the tanged end-scrapers and 
diminution in size, which mark many groups in French North-West 
Africa, are absent. Miss Oaton-Thompson here points to the re¬ 
vision of views on Aurignacian origins in Western Europe and 
Kenya necessitated by M. Vaufroy’s views of Capsian as late 
paWlithic or mesolithic; but the evidence for the late survival 
of a debased Aterian into very “ late,” such as found in the north- 



ABCHiBOLOaY 


127 

west, is absent at Kharga. The Kharga Aterian is succeeded un* 
conformably by a blade culture of Capsian affinities with microliths, 
and querns, but no pottery, and in spite of the presence of tanged 
arrow-heads and other types usually regarded as neolithic further 
west, is probably mesolithic. At other sites it develops by certain 
additions into a true neolithic. It is suggested that later Aterian 
groups, yet to be discovered, may bridge the gap. 

The important question of the exact determination of these 
phases of the later PalaBolithic and succeeding cultures in North 
Africa is further discussed in two papers to which a brief reference 
must here suffice. M. Vayson de Pradenne in Antiquity for Marph 
discusses the problem of implements of “ archaic type and cognate 
tradition with special reference to North Africa and the recent 
discoveries in the Abri Alain (see Sciskob Progress, 29, 1935, 
521), and suggests that they represent a ‘‘ fossil ’’ tradition, arising 
from the re-working or re-use of an implement, which as indicated 
by the occurrence of two different patinas on one specimen, belonged 
originally to a stratum earlier than that in which it was found. 
M. de Pradenne considers that certain implements found in the Abri 
Alain and in the adjacent caves belonging to the later (neolithic) period 
are ancient stone tools collected from the neighbouring Champ de Tir, 
an Aterian site, and that their re-use or their employment as models 
introduced a new type into the industry which took them over. 

The second paper is a study of skeletal remains and archsBo- 
logioal material from an Algerian cave, Abu Afalou, by MM. 
Arenbourg, Boule and Vaufrey (Imiitut de PaUontologie Hurmine^ 
Mim, 13). This memoir is too long and too important for a brief 
summary, but without entering into the details of discovery, it 
may be mentioned that it affords the authors the opportunity to 
enter into a consideration of the cultural relations of the Capsian- 
Ib^ro-Maurusian industries of French North Africa, as well as to 
give—what has not hitherto been attempted—a comprehensive 
account of the important skeletal material which has been discovered 
in a period of over twenty years since investigations first began 
in the rock-shelter of Mechta el-Arbi. The general conclusion at 
which they arrive is that these and analogous industries wherever 
they occur, East Africa, South Africa, Egypt, Palestine or Western 
Europe, are localised developments of a fundamental Aurignacian 
industry just as the associated skeletal remains at el-Arbi, at 
Natufa in Palestine, and elsewhere are specialised forms of a fundar 
mental Cro-Magnon. 

It is evident that what cannot but be regarded as a brilliant 
study of difficult material will have to be considered very carefully 
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in its detailed application before it can be accepted as universally 
applicable. It is none the less stimulating and suggestive. 

ABOttSiOLOGV IN Ikbland. —During 1934 archaeological studies 
in Ireland profited through the schemes for assisting the unem¬ 
ployed. Excavations already projected were enlarged in scope and 
others were put in hand which otherwise would not have been under¬ 
taken through lack of the necessary funds. Operations were 
carried out on twelve separate sites in various parts of Ireland 
ranging in period from post-glacial times down to the fifteenth 
century. 

Of these excavations one of the most important from the point 
of view of the prehistorian was that at Ballybetagh, Co. Dublin, 
a site already noted for discoveries of the Irish elk. The object 
of the investigation was to classify events in their chronological 
sequence and the assistance of Professor Knud Jessen, of Copen¬ 
hagen, the weU-known authority on pollen analysis was sought. 
Professor Jessen toq^ samples of peat from a number of sites, and 
although at the momefit the results of the analysis are not fully 
available, a preliminary report indicates in general outline some 
very interesting results of great chronological and cultural import¬ 
ance {Irish Naturalist, OwUermry No., Nov. 1934). It is, for 
example, now demonstrated that the Irish elk survived to a much 
later period than hod been thought, and the association of remains 
of this animal with human remains or artefacts is no longer to be 
regarded as irrefutable evidence of high antiquity. This was in 
line with the general result that early types of fauna and,flora 
were found to have survived to a much later date in Ireland than 
elsewhere. It was, moreover, demonstrated that conditions in Ire¬ 
land correspond with those on the Continent in so far that the peat 
of the late Bronze Ago was shown to have been laid down in much 
moister conditions than that of the early and middle Bronze Age. 
It is further noted as a point of interest that the climatic change 
correlates with a definite change in cultural development, the native 
culture which developed steadily during the two earlier phases of 
the Bronze Age now showing definitely the effects of external 
influence. 

Another investigation of no little interest, in view of the prolonged 
discussion of the occurrence of paUeolithic man in Ireland, was that 
of a cave at Kilgreany, Co. Waterford. It was this cave which 
was excavated some years ago by members of the Bristol Speheo- 
logical Society and yielded what were then claimed on the evidence 
of associated fauna to be the remains of paheolithic man. Un¬ 
fortunately this conclusion has not been substantiated by the 



ABOH^OLOOY 129 

present excavations and the question of palacolithio man in Ireland 
is once more in suspense. 

Of excavations of later date one of the most important for Irish 
social and economic conditions in the late Bronze and Iron Ages 
was on a site at Cush near Kilfinane, Co. Limerick. The site is a ' 
complex of ring forts and burial mounds. Usually ring forts are 
found singly only; but here there was a unique arrangement of 
six forts conjoined and connected with a rectangular enclosure 
surrounded with a ditch and bank. Four of these forts were com¬ 
pletely excavated, and each was found to contain a souterrain. 
For the first time one of these curious structures was dated with 
certainty as earlier than the Iron Age. One which had collapsed 
was found to predate a Late Bronze Age burial. Also for the first 
timp houses were found in connection with the forts—not indeed 
within them, but in the rectangular enclosure. The examination 
of this area is not yet complete; but it would seem likely that it 
will furnish an answer to the as yet unsolved problem of the exist¬ 
ence of towns in prehistoric Ireland. A preliminary account of 
these and other investigations carried out under the Free State’s 
scheme for the relief of unemployment will be found in Discovery 
for April. 

The very active movement at the moment for the promotion 
of Irish archaeological studies adds to the interest, if not to the 
value, which is patent to all, of the Presidential Address of the 
Abb^ Breuil to the Prehistoric Society of East Anglia (Proceedings, 

7, Pt. 3) which deals with the origin and distribution of rock and 
dolmen engravings, with special reference to those of Ireland. The 
learned Abb^ described these in detail and analysed their art motifs. 
In summarising his results he suggested that they showed import¬ 
ant relations between Iberia and Ireland, and reached Scandinavia 
through England and Scotland, but in Brittany, though undoubtedly 
present, they did not penetrate to the interior of the country. 



NOTES 

Zirconium and Titanium (M. S.) 

Although both zirconium and titanium are found widely 
distributed in nature and although discovered long ago, the full 
possibilities of utilisation of compounds of these two elements have 
been recognised only within recent years. Zirconium metal was 
isolated more than a century ago, but it was the oxide ziroonia 
which attracted all the attention, Berzelius noticing in 1829 that 
thoria and zirconia gave out an extremely brilliant light when a 
non-luminous flame played on these rare earths. Just fifty years 
ago Dr. Carl Auer, known later as Baron Auer von Welsbach, began 
his studies on the rare earths which resulted in the establishment of 
the incandescent gas-mantle industry. Zirconia was one of the 
chief earths used in these early experiments ; and although it soon 
took an unimportant position when thoria containing 1 per cent, 
ceria became the most favoured mixture for gas-mantles, yet zirconia 
has now returned to a greater prominence, while the gas-mantle 
trade has declined with the universal predominance of electric ^ht. 
It is in the refractory industry that this is so noticeable. A 
high melting-point, an inertness towards both acids and alkalis, 
a low thermal conductivity, a low coefficient of expansion which 
enables furnace walls to withstand sudden changes in temperature 
without fracture, low porosity, and the possibility of applying it by 
means of a binding agent to other refractories : all these explain the 
importance of zirconia in this direction. For laboratory purposes 
combustion tubes of zirconia are now in use, while in America it has 
been found possible to use the raw mineral zirkite containing up to 
84 per cent, of zirconia for the construction of electrical wire-wound 
furnaces. Difficulties in treating zirconium ores seem to be over¬ 
come, the United States Bureau of Mines having favoured an extrac¬ 
tion process using sulphuric acid under pressure; while a second 
contrasting method for dealing with silicate ores such as zircon is to 
fuse with alkalis and to leach out the product. The recent scare with 
regard to poisoning caused by the use of antimony oxide in enamels 
recalls the fact that as an opacifying agent for this industry zirconia 
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has a high efiSciency and is entirely harmless. Although the 10 per 
cent, of zirconia necessary in iron enamels means a somewhat higher 
cost, there is such an improvement in strength and resistance to 
attack that the extra expense is to be recommended. 

Unlike titanium, the compounds of which have also become 
prominent again, zirconium is tending to add to its imiX)rtanoe in the 
form of the free metal. The latter is silver-wliite, very hard, and 
remarkably resistant towards corrosion; its future among special 
metals for s|)ecial purposes should be assured when the research 
which is now going on gives us cheaper methods of separating it than 
the use of calcium or magnesium in displacing it from its compounds. 

In America increased attention has been given to the use of 
aluminium, a metal which gave trouble at first since about I per cent, 
of it remained in the zirconium metal liberated. A recent process 
includes potassium chlorate in the melt in order to oxidise this 
impurity. Electrolytic processes also hold out promise, a graphite 
crucible being used to hold the melt consisting of a double fluoride 
of zirconium and potassium with the addition of other salts of sodium 
and potassium. The powdered metal obtained in such processes 
needs a treatment similar to that used for tungsten, viz. it has to be 
pressed, de-gasified, rolled, and swaged. Ferro-alloys for use in high¬ 
speed steels and for introducing the metal (0-34 per cent.) in French 
armour-plate are at present undergoing a greater development than 
the metal itself. There is also a tendency to utilise zirconia in other 
directions than as a refractory, for it has been found to be a substitute 
for the quartz used in glass for lenses and thermometers and in 
porcelains for the electrical industry ; and there are other new uses 
such as the inclusion as a filler in rubber. 

The large deposits of a titanate of hx)n (known as ilmenite) in 
Norway should give an impetus to developments of titanium in 
Europe comparable to the intensive research which has borne fruit 
in America. Titanium metal has long been known, but even with the 
demand for all types of metals for special industrial purposes there 
are no uses for the metal itself to-day. Ferro-titanium is in common 
use for removal of oxygen and nitrogen in steel manufacture, this 
combination with nitrogen having a second significance in the use of 
titanium nitride in American foundry practice for giving resistance 
to cores and moulds. Titanium dioxide under such proprietary 
names as Titanox is one of the most important white pigments in the 
paint and enamel industries, for its covering power is higher than that r 
of any other product, while its extreme insolubility and stability 
explain its inertness and absence of toxic properties. Modem 
methods of extraction tend more towards the process in which 
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sulphuric acid is used for digesting the ilmenite, the solution being 
hydrolysed under conditions which free it from iron impurities. A 
natural dioxide, rutile, is now concentrated for commercial use. 
The textile industries have greatly benefited within recent years from 
this progress in titanium research ; for titanic acid is a mordant, 
titanyl chloride and sulphate solutions are of extreme value as 
stripping agents, while titanium potassium oxalate (abbreviated to 
T.P.O. by both manufacturer and dyer) is a fixing agent. Man¬ 
chester manufacturers liave provided for commercial users a stable 
form of titanous sulphate which avoids the formation of precipitated 
titanic acid as a “ bloom ” on 8tri|>ed materials. The double 
oxalate seems to have two different uses, the first as a fixing agent 
when dyeing with basic colours, and the second being its use in itself 
as a colouring matter in leather dyeing, giving a yellowish-brown 
shade without other added colouring agent. In addition to all these 
applications, titanium compounds are included in inks, abrasives, 
cements, porcelains, special glasses, and in a host of other com¬ 
modities. 

British Sunshine (E. J. S.) 

The Averages of Bright Sunshine for the British Isles for the 
periods ending 1930,” which has recently been issued by the Air 
Ministry (H.M. Stationery Office, 1^. net), provides a mass of 
interesting data presented both as actual totals and as percentages 
of the total possible sunshine at the divers stations, which number 
over a hundred and ninety. The information is of considerable 
interest to the student of public health as well as to the biologist. 
For the latter the importance of the number of hours of sunshine 
is both as a measure of the assimilatory value of the light and because 
the capacity to set seed by some plants is apparently determined 
by the amount of sunshine available. The range in total amount is 
considerable, from between 1,800 and 1,900 hours in the Channel 
Islands to 1,035 in the Shetlands. Oldham Road, Manchester, has 
the unenviable average total of only 970 hours* sunshine (1906-1930), 
though the average for almost the same period at Whitworth Park 
is 46 hours greater. The monthly means show a maximum for May 
in many areas, though in general the amoimt of sunshine is fairly 
evenly distributed during the months from April to September. 
The present data are limited to the thirty years ended 1930 and the 
averages obtained from shorter periods have not been adjusted as in 
the previous publication. Data obtained from Eastbourne and York 
are furnished which indicate that the variations in the average values 
are but very slightly affected by increasing the period over which the 
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average ie obtained from ten to thirty or oven fifty years, although 
for individual months the difference may amount to about 20 minutes 
of sunshine. 

Royal College of Science Anntutl Dinner (H. J. E.) 

This Annual Dinner was held on May 4 in the Rembrandt 
Rooms, South Kensington, the President of the R.C.S. Association, 
Prof. W. W. Watts, F.R.S., being in the chair. The occasion was 
noteworthy in that the principal guest was Prof. H. E. Armstrong, 
F.R.S., and the dinner was held on the eve of liis 87th birthday. 
One of his old pupils, Prof. W. P. Wynne, F.R.S., proposed the 
health of Prof. Armstrong, recalling the fact that this year marks the 
seventieth anniversary of the latter’s entry into the Royal College 
of Chemistry as a pupil of Hofmann. Prof. Wynne’s speech gave 
expression to the feelings of real affection of all present towards 
“ H. E. A.” The reply was characteristically vigorous. Wearing 
a tricoloured waistcoat to celebrate the early days of the dye 
industry in this country, Prof. Armstrong deplored the insufficient 
use of colour by women to-day. He also expressed the belief that 
the application of science to brewing has spoiled beer for the con¬ 
noisseur. This speech was a mixture of wit and good sense which 
appealed to all. The toast of the guests was proposed by Mr. 
Hewer, who took the opportunity of handing to Prof. MacBride a 
portrait presented by the students and staff of the department of 
Zoology, of which he is now Emeritus Ih'ofessor. The proceedings 
concluded with a dance in the ball-room, which was thoroughly 
enjoyed by all those present. 

The ^^Geographical Magazine (C. B. F.) 

This is a new monthly periodical whose aim is to give to the 
general public such a knowledge of the geographi(5al stage on which 
the human drama is played that they can form from it a sound basis 
for an understanding of world problems. To-day no one doubts that 
geographical facts are an essential foundation for such knowledge ; 
and there is a wide field awaiting a magazine of the tyjxj of the 
Geographical Magazine, 

The method, as far as it can be judged from the first number and 
the editorial Foreword, is to give each month a group of short 
articles on different geographical areas or problems. Each article 
is very well illustrated by reproductions of photographs. There are 
nearly a hundred illustrations in all. Each is written by an author 
who has some personal knowledge of the places he describes, and 
who may, or may not, have some knowledge of geography. Four 
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of the articles deal with areas within the British Empire, two with 
areas wholly outside it, and the remaining two overlap its boundaries. 
The topics are Abyssinia; the Lake District, a National Park ?; 
Aborigines of Central Australia ; Rajputana ; Arctic Air Route ; 
the Syrian Desert; India’s North-East Frontier ; and Amsterdam. 
Most of them are very short-, for there are only 83 pages of text, and 
nearly half of this space is taken uj) by illustrations. Captain 
Kdngdon Ward’s description of the forests which form the north-east 
frontier of India is an excellent piece of work, and shows what can 
be done within these limits, though he has no map to show the precise 
location of the places he mentions. The account of Ethiopia 
(Abyssinia) is of very topical interest, and indicates well the dangers 
to peace inherent in undemarcated boundaries under modern con¬ 
ditions. 

Such a magazine must be popular if it is to continue. Only a 
large circulation can pay for such a wealth of vivid pictorial illustra¬ 
tion. Yet if it is to be worth while it must also carry out its purpose 
of giving sound geographical knowledge. We hope there is a 
sufficient public willing to purchase, at the modest price of 1«., such 
a magazine, and that the Oeographiml Magazine can succeed in 
establishing a reputation for presenting reliable information vividly 
and clearly, without any sacrifice of accuracy to mere picturesque¬ 
ness or of good English to journalese. This first number sets a high 
standard, and is a welcome addition to British periodicals. 

Miscellanea. 

The following is a list of the names of those elected this year to be 
Fellows of the Royal Society : Dr. N. K. Adam, physical chemist, 
University College, London; Prof. E. N. da C. Andrade. Quain 
professor of physios, University of London, University College ; 
Sir Frederick G. Banting, professor of medical research, University 
of Toronto ; Prof. 8. P. Bedson, professor of bacteriology, London 
Hospital Medical School; Mr. E. T. Bowen, chemist. University 
College, Oxford; Mr. G. E. Briggs, plant physiologist, University 
of Cambridge; Prof. H. Graham Cannon, professor of zoology, 
University of Manchester; Prof. W. E. le Gros Clark, Dr. Lee^s 
professor of anatomy, University of Oxford; Prof. J. S. Foster, 
professor of physics, McGill University, Montreal; Dr. A. L. Hall, 
lately assistant director of the Geological Survey of the Union of 
South Africa ; Dr. W. H. Hatfield, Brown-Firth Research Labora¬ 
tory, Sheffield ; Dr. J. de Graaff Hunter, lately of the Survey of 
India; Dr. B. A. Keen, physicist, Rothamsted Experimental 
Station; Prof. R. A. Peters, Whitely professor of biochemistry, 
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University of Oxford; Prof. J. Bead, professor of oheroistry, 
University of St. Andrews; Dr. R. N. Salaman, director of the 
Potato Virus Research Station, Cambridge; Dr. R. Stoneley, 
lecturer in mathematics, University of Cambridge. 

H.M. the King has approved the award of the Pounder’s Medal 
of the Royal Geographical Society to Major R. A. Bagnold for his 
journeys in the Libyan Desert and of the Patron’s Medal to Mr. W. 
Rickmer Riokmers for his travels in the Caucasus and Russian 
Turkistan. 

Prof. R. Robinson, professor of chemistry in the University of 
Oxford, Prof. F. D. Adams, emeritus professor of geology in McGill 
University, Montreal, and Prof. A. V. HUl, Poulerton research pro¬ 
fessor of the Royal Society, have been elected to be Foreign Members 
of the Royal Academy of Sciences, Stockholm. 

Prof. A. C. Seward has been elected to be a member of the 
Norwegian Academy of Science and Letters, and Prof. F. G. Donnan 
an honorary member of the Chemical Society of Roumania. 

The Kelvin Medal, awarded triennially by the Institution of Civil 
Engineers, has, this year, been awarded to Sir J. Ambrose Fleming. 

Miss Gertrude Caton-Thompson has been awarded the Rivers 
Memorial Medal of the Royal Anthropological Institute for the year 
1934 and the Duddell Medal of the Physical Society has been awarded 
to Dr. W. E. Williams for his work in general and particularly for 
that on the reflection echelon spectroscoj^e. 

Sir Henry Lyons has been appointed Chairman of the Advisory 
Council for the Science Museum in place of Sir Richard Glazebrook, 
who has resigned. 

The following is a list of the names of those recently elected to be 
Presidents of the scientific Societies mentioned : Royal Astronomical 
Society—Mr. J. H. Reynolds; (Jeologioal Society—Mr. J. F. 
Norman; Chemical Society—Dr. N. V. Sidgwick; Society of 
Chemical Industry—Mr. W. A. S. Calder; Institute of Metals— 
Dr. H. Moore; Ray Society—Sir Sidney Harmer; Royal Aero¬ 
nautical Society—Lieut.-CoL J. T. C. Moore-Brabazon ; Society of 
Public Analjrsts—Mr. John Evans. 

We have noted with great regret the announcements of the death 
of the following well-known men of science during the past quarter: 
Prof. H. B. Baker, P.R.S., emeritus professor of chemistry in the 
Imperial College of Science; Sir John Rose Bradford, P.R.S., 
emeritus professor of medicine in the University of London; Sir 
John Collie, chief medical officer of the Metropolitan Water Board ; 
Mr. 0. F. Cross, F.R.S., of viscose fame; Dr. Shepherd Dawson, 
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psychologist; Prof. W. Duane, of Harvard University, biophysicist; 
Dr. Carl Duisberg, chairman of the I.G. Parbenindustrie ; Mr. John 
Fraser, botanist; Mr. W. J. A. Grant, Arctic explorer; Prof. A. 
Hants^ch, of I.^ipzig, chemist; Prof. R. 0. Herzog, chemist; 
Prof. W. R. Hodgkinson, formerly professor of chemistry in the 
Ordnance College, Woolwich; Mr. H. R. Kempe, author of the 
Engineers' Year Book ; Prof. J. J. R. Macleod, F.R.S., regius pro¬ 
fessor of physiology in the University of Aberdeen; Sir William 
Morris, at one time superintendent of the Geodetic Survey of South 
Africa ; Mr. J. Milton Offord, president of the Quekett Microscopical 
Club ; Prof. Ganesh Prasad, Hardinge professor of pure mathe¬ 
matics in the University of Calcutta ; Mr. H. C. Ponting, photo¬ 
grapher ; Sir E. Sharpey-Schafer, F.R.S., emeritus professor of 
physiology in the University of Edinburgh ; Prof. W. J. Sinclair, 
director of the Museum at Princeton University ; Prof. Arthur 
Thomson, of Oxford, anatomist; Sir James Walker, professor of 
chemistry in the University of Edinburgh. 

H.M. the King has graciously consented to become Patron of the 
Institute of Chemistry. The Institute received its charter from 
Queen Victoria fifty years ago, eight years after its foundation. It 
is now in a very strong position with over 6,000 fellows and associates 
and some 800 registered students. 

The Air Ministry has set up a small committee to investigate the 
application of scientific discoveries to assist in defence against aerial 
attack. Mr. H. T. Tizard has consented to act as chairman and the 
other members are Prof. A. V. Hill, Prof. P. M. S. Blackett and 
Mr. H. E. Wimperis. 

The Admiralty has decided to construct a magnetic survey ship 
to continue the work formerly performed by the American ship 
Carnegie which was destroyed by fire in the harbour at Apia, Western 
Samoa, on November 29, 1929. In particular it has become neces¬ 
sary to survey the southern Indian Ocean where recent changes in the 
secular variation have rendered calculated values of the magnetic 
elements based on older data unreliable. The design of the ship 
has not yet been announced but a sum of £10,000 odd has been set 
aside in this year’s estimates towards the cost of its construction. 

Sir James Jeans has been elected to be professor of astronomy in 
the Royal Institution. The chair is a new one, for never before has 
the Institution appointed a professor of this subject; it is also the 
first new chair to be established there for more than seventy years. 
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Prof. W. J. de Haas of Leiden announced on February 16 that he 
had succeeded in reaching a temperature only 0‘005 deg. C. above the 
absolute zero. 

In the Report of the Depr.rtment of Scientific and Industrial 
Research for the year 1933-34 it was stated that the Wool Industries 
Research Association’s process for producing unshrinkable wool, 
yarns and fabrics, claimed to withstand the rigours of laundering ” 
was being “ exploited under mill conditions ” and that it was hoped 
that materials made of the new yarn would bo available for the public 
early in 1935. We regret to learn from Nature that the details of the 
commercial process have taken longer to work out than was antici¬ 
pated and that, in consequence, the new material will not now be 
available until 1936. 

A Central laboratory for the United Dairies Ltd. was opened by 
the Parliamentary Under Secretary to the Ministry of Health on 
April 6. It occupies part of a 7j-acre site at Wood Lane, W., and is 
housed in a building 200 ft. long sjxjcially designed for laboratory 
requirements. The laboratory is divided into four sections: (a) 
research—four rooms each accommodating eight workers and their 
assistants, (6) routine control—six rooms devoted each to one type 
of work such as routine bacteriological tests and general foodstuff 
tests, (c) stores, (d) library and records. Investigations now in 
progress in the research laboratory include (i) the purification of 
creamery and factory effluents, (ii) the bacteriology of Cheddar 
cheese, (iii) the reductase test, (iv) thermoduric organisms in milk, 
(v) the significance of J5. coli in relation to pasteurised milk. This 
work is directed by an Advisory Research Council, a chief chemist 
and a properly qualified staff of research chemists. The work of the 
new Central Laboratory will supplement, but not, of course, suj^ersede, 
that carried out in the seven district laboratories in London and the 
twenty-six others located in the chief milk-producing areas. 

On April 1 the scheme of artificial lighting at the National 
Gallery, which has been the subject of extensive research during the 
lost six years, was brought into use, and the public will be able to 
visit the Gallery on three evenings in the week up till 8 p.m* 
Scientifically, it is clear that the aim should be to illuminate the 
pictures with considerable intensity without particular reference to 
the remainder of the room: actually, however, this produces a 
somewhat depressing effect, and therefore a modified scheme is in 
operation. In practice, an intensity of about 4 foot-candles is 
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obtained over the picture-oarrying parts of the walls. Lantern 
fittings, each containing one frosted high-wattage lamp (1,500 watts), 
are suspended from the ceilings, and provided with an appropriate 
system of louvers and reflecting surfaces. Masks are employed to 
cut out direct glare in the direction of doorways, though the archi¬ 
tectural design of the galleries makes it impossible in some instances 
to do this completely, having regard to the fact that the distance 
from source to walls is usually different in various directions (i.e. the 
rooms are not square). The viewing distance is assumed to be eleven 
feet from the walls. 

The Journal of Research of the National Bureau of Standards for 
December 1934 contains a paper by Judson and Page on the present 
magnitude of the length standards used in the United States. The 
N.B.S, has four platinum-iridium metre bars obtained from and 
certified by the Bureau International des Poids et Mesures of which 
one, United States Prototype Metre 27, is considered to be the 
primary standard. This was made in 1888 and sent to the U.S.A. 
from Paris in 1890. It was sent back for test in 1903 and again 
in 1922-23. The 1903 test indicated that it had shortened by 
0*4 X 10"® metre, but Fischer, who was responsible for the measure¬ 
ments, was not satisfied with the accuracy of the result, being, in 
particular, doubtful of the accepted value of the coefficient of thermal 
expansion, and the length stated on the 1889 certificate was retained. 
Subsequent measurements justified his opinion, for it has been shown 
that the Paris standards themselves have altered in length and that 
the value of the coefficient of expansion needed modification. At 
the Eighth General (International) Conference on Weights and 
Measures which met in Paris in 1933 new corrections to the nominal 
lengths of the standard metre bars at 0° C. and new coefficients of 
expansion were authorised. As a result Metre 27 stated to be 
1»6 X 10"® metro too long at 0°C. in 1889 is now certified as 
1*47 X 10"® metre too long, t.c. it has remained unaltered to about 
1 part in ten million for over forty years. On the other hand, 
Metre 21 (also of platinum-iridium) 2 5 x 10"® metre short in 1889 
now appears to be 3*42 x 10"® metre short. Here there is in all 
probability a real change in length, but this particular bar ‘‘ has 
probably had more laboratory use than any other platinum-iridium 
standard distributed by the B.I.P.M.’* As a matter of interest it 
may be added that the coefficient of thermal expansion of the metal 
in Metre 27 given as (8-667 + O-OOlOOt) x 10"® per deg. C. in 1889 
is now statcni to be (8-6210 + 0-00180^) X 10"®—^a decrease of 1 part 
in 360 at 15^0. 
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The March number of the Jcmrml of Research contains two papers 
by Roeser and Wensel and others dealing with thermocouples. The 
first contains tables giving the e.m.f. of chromel-alumel thermo¬ 
couples at various temperatures between — 200° C. and 4- 1400° C. 
and the other describes methods of testing thermocouples and 
thermocouple materials. Chromel and alumel wire for thermo- 
couj)Ies is manufactured by the Hoskins Company. Chromel P is 
an alloy of 90 cent, nickel and 10 per cent, chromium, alumel 
contains approximately 95 i>er cent, nickel with aluminium, silicon 
and manganese making up the other 5 per cent. The wire supplied 
regularly to pyrometer users is “ matched by the manufacturer 
so that a completed thermocouple will develop an e.m.f. of 36*20 
millivolts when one junction is at 32° F, and the other at 1600° F. 
The useful range is — 200° C. (e.m.f. *- 5*75 mv.) to 1200° C. 
(e.m.f. 48*85 mv.) and the scale is nearly linear, for at — 100° C. 

the e.m.f. is — 3*49 mv., at 100° C. + 4*10 mv. and at 1000° C. 
41*31 mv. No. 8 gauge wire is commonly employed to give a long 
X)eriod of usefulness but the e.m.f. is indei>endent of the size of the 
wire. Other matorials listed by Roeser and Wensel as suitable for 
general use are platinum-rhodium (useful range 0°C. to 1450° C., 
maximum temperature measurable 1700° C.), iron-constantan 
(— 200° C. to 750° C., 1000° C.) and oopx)er-constantan (— 200° C. 
to 300° C., 600° C.). 

Sir Gilbert Walker has drawn our attention to an error in his 
article entitled “ Clouds in the Sky and in the Laboratory ” which 
appeared in Volume XXIX, 1934-35. The sentence beginning on 
line 17 from the bottom of page 390 should read : Thus if hot water 
is poured into a dish and cold milk introduced under it as an index^ 
the water descends . . . 
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THE PRE-CAMBRIAN GEOLOGY OF EGYPT. By G. W. 

Tyrkkll, I).8(;., F.G.S., Univorsity. of OUiHgow. Being a review of 

Geology oi E!g^3rpty Vol. II : Tlie Fundamental Pre-Cambxdan 
Bocks of E^ypt and the Sudan ; their Distribution, A^e and 
Character. Part 1 : The Metamorphic Rocks. By W. F. 

Humk, D.Sc., F.R.S.E., F.G.S., late Director of the Geological Survey 
of Egypt. [Pp. Ixv f 424, witli 96 plates.] (Cairo ; Govemnaont 
Press. 1934. Pitistres 300.) 

The first volume of Dr. Hume’s great work on the Geology of Egypt 
was published in 1925 and dealt with the Surface Features of Egypt, 
their Determining Causes and Relations to Geological Structure. 
It also included a bibliography of over 900 items. Now, nine years 
later, we have the sumptuous volume under review which, while 
it is of about the same size as the first volume, nevertheless only 
covers the first part of its subject, namely, the older metamorpliio 
rocks that occur within the fundamental Pre-Cambrian Complex of 
Egypt and the Sudan, a fact which sufficiently indicates the magnifi¬ 
cent scope of the whole work. The comprehensiveness of this second 
volume is attested by the publication of the complete list of con¬ 
tents of which, naturally, only the pagination of the first part, the 
part that is now published, can be given. From this list the remain- 
ing parts of the Pre-Cambrian volume promise a feast of good 
things. Part II will deal with the Later Plutonic and Minor Intrusive 
Rocks of the Pre-Cambrian, and Port III with the Minerals of 
Economic Value associated with the Intrusive Pre-Cambrian Igneous 
Rooks and Ancient Sediments, closing with a general summary of 
Pre-Cambrian geology in Egypt and a comparison with the base¬ 
ment formations of other countries. Since general questions of 
Pre-Cambrian correlation and succession are thus to be discussed 
in a later part of the work, we shall not deal with them in the present 
review. Presumably further volumes will treat of the Post-Cambrian 
formations of Egypt. These are the bare architectural outlines of 
the vast edifice that Dr. Hume is building from the foundation of 
his thirty-four years of service on the Geological Survey of Egypt, 
of which he was latterly the Director. 

140 
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The present volume begins with a long introductory section 
which includes a brief geological review of Egypt’s past and an 
historical review of the growth of geological knowledge, clearly 
designed to aid the non-technical reader in understanding and 
digesting what follows. The general geology of Egypt in broadest 
outline is the subject of the incomparable first paragraph of Win- 
wood Reado’s Martyrdom of Man, and Dr. Hume might have used 
this passage as a motto for his memoir. In brief, the southern 
and eastern parts of Egypt consist of Pre-(Jambrian rocks, the rest 
of its vast area being occupied by strata of Palieozoic, Mesozoic, 
and Kainozoic ages, mostly the two last-named groups. The Pre- 
Cambrian gneissic outcrops converge to the Cataracts, and through 
that narrow mountainous gateway the Nile pours to the north into 
the desert region floored by the younger deposits, making a narrow 
strip of fertile territory which expands suddenly at the delta. 

The book under review consists of the first two cliapters of the 
volume on the Pre-Cambrian Rocks of Egypt and the Sudan, deal¬ 
ing solely with the metamorphic rocks of that complex. (^Iiapier I 
treats of the Fundamental Gneiss, Chapter II of the Pre-Cambrian 
Cryst^illine and Sedimentary Schists. The term “ Pre-Cambrian ” 
is used in the List of Contents for the heading of Chapter II, but 
it is transformed into Pre-Carboniferous ” on p. 7 and p. 86 of 
the text, the latter os a principal heading. Of course, as Dr. Hume 
points out, no definitely identifiable fossil organisms have yet been 
found in the oldest sedimentary rocks, and the oldest formation 
which contains identifiable fossils is of Carboniferous age. Hence 
the term Pre-Carboniferous is strictly more correct than Pre- 
Cambrian, notwithstanding the almost complete certainty that the 
basement rocks of Egypt are of Pre-Cambrian age. The non- 
uniformity of nomenclature referred to above is thus probably an 
oversight. 

In the introductory matter to the present part of his work Dr. 
Hume gives a valuable summary of the whole volume on the Pre- 
Cambrian, chapter by chapter, although two-thirds of that volume 
are still to appear; also the classification of igneous rocks which 
he has adopted ; a table of the Pre-Cambrian succession of igneous 
and metamorphic rocks in Egypt, Sinai and the northern Sudan, 
correlated with similar ocourrences in other areas ; and an historical 
review of the fundamental Pre-Cambrian of Egypt and the Sudan. 
This last section is lavishly illustrated by coloured maps taken from 
older memoirs. 

Chapter I, on the Fundamental Gneiss, occupies 85 pages, and 
begins with a section explaining the distribution and characters of 
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the baeement rooks on the earth’s surface, including the significance 
of p^matites and the occurrence of microoline. Next comes a 
section on the distribution of gneisses in Egypt and the Sudan 
illustrated, as indeed the whole volume is, by beautiful coloured 
plates of the rooks, both as hand specimens, in thin sections and in 
the field, and by numerous maps. Further sections deal with the 
characteristics of the older gneiss as developed in North-East 
Afirica, and a summary account of the gneisses of Egypt and the 
Sudan. The Egyptian gneisses form part of the Fundamental Pre- 
Cambrian Complex of Northern and Central Africa, and the fre¬ 
quency of N. to S. strikes in the gneisses of the northern Sudan is 
regarded as bringing them into close relation with the basal gneisses 
of Central Africa. On the other hand, some of the gneisses are 
found in close association with the ancient schists of sedimentary 
and volcanic origin considered in Chapter IT, and are thus probably 
transgressive batholiths or, in other cases, concordant sheets of 
Ut’par-lit characters. 

Chapter II, on the “ Pre-Carboniferous Crystalline, Volcanic and 
Sedimentary Schists of Egypt and the Sudan,” occupies 215 pages, 
the remainder of the volume. It is divided into eight unequal 
sections dealing with the various stratigraphical and petrological 
units. The first-hand accounts of the distribution and petrographical 
characters of the various groups are interspersed with copious 
quotations from authorities who have dealt with the comparatively 
few regions that Dr. Hume himself has not traversed or of which 
he possesses insufficient personal knowledge. Amongst the interest¬ 
ing rocks described in this chapter are serpentines which contain 
the well-known Egyptian emerald mines, as well as other economic 
minerals such as chromite, talc and asbestos. The beautiful orna¬ 
mental stone of Gebel Dokhan known as “ Imperial Porphyry ” 
was the object of intensive quarrying by the Roman emperors. 
After the Roman period the very site of the quarries was lost, and 
it was only rediscovered in 1823. The “ porfido roaso anlico ” comes 
from dikes, and its reddish-purple colour is due partly to the presence 
of the rose-red manganiferous epidote known as withamite, and 
partly to disseminated haematite. 

A long set of excellent chemical analyses by Dr. H. F. Harwood 
illuminates the petrological aspects of the igneous and metamorphio 
rooks described in this memoir. Throughout the work the facts 
ano very fully documented by copious abstracts from earlier writers 
on the geology of Egypt and, in many oases, their maps and cross- 
sections are reproduced in colour. Too great praise cannot Im given 
to the excellence of the illustrations including, as they do, beautiful 
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photographs of soenery and a number of the late H. M. Cadell's 
instructive line drawings. The literary style of the work is leisurely, 
lucid and dignified, qualities well matched by its sumptuous format. 
It is a small quarto in size, bound in red cloth with gold lettering, 
well printed on fine paper with the title-page in black and red 
characters. A model index of 124 pages closes this impressive 
work, the continuation of which will be awaited with impatience 
by all geologists interested in the foundation stones of the earth’s 
crust. The International Pre-Cambrian Association (see Soibnce 
Pboobbss, Jan. 1935, p. 528) would do well to keep its eye on 
Egypt, for when Dr. Hume’s work is completed no Pre-Cambrian 
area upon the earth, with the exceptions of the North-West High¬ 
lands of Scotland and certain regions in Scandinavia and Finland, 
will be BO fully documented as this land of august and ancient 
memory. 

THE ACHIEVEMENTS OF A GREAT ENGINEER. By Pao- 
FBS 80 R W. J. OoiTDiE, D.Sc., the University of Glasgow. Being a 
review of The Scientific Papers and Addresses ol The Hon. 
Sir Charles A. Parsons, O.M., K.C.B., F.R.S. With a Memoir 
by Loud Raylbigu. Edited by Thk Hon. G. L. Pabsons. (Pp. 
xxviii + 260, with R plates and 41 figures.] (Cambridge: at the 
University I’ress, 1934. 16«. net.) 

In the domain of engineering achievement, which has profoundly 
affected the welfare of mankind, the creative work of Charles A. 
Parsons stands out pre-eminently. While this work is fully recog¬ 
nised by scientists and engineers, it is questionable if it is equally 
understood by the public outside professional circles. It is well, 
therefore, that an opportunity should be afforded them to become 
acquainted, at first hand, with the writings of this distinguished 
engineer, who may be aptly termed the nineteenth-century successor 
to James Watt. This subject matter has now become available 
to the general public in the volume, having the above title, which 
has just been issued by the Cambridge University Press. It occupies 
260 pages, and is divided into three parts. The first contains a 
selection of papers, arranged in chronological order, dealing princi¬ 
pally with steam turbine development, which were read before 
scientific, engineering and ship-building societies; also several 
Presidential Addresses. The total number of these publications is 
twenty. The second part consists of papers describing experiments 
on various substances subjected to high pressure and temperature, 
and Parsons’ many attempts to produce artificial diamond, which 
were contributed to the Phil. Mag., and the Royal Society. The 
third part oonsuts of three appendices, the first being an account 
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of Parsons’ sound amplifier or auxetophone, written by the late 
A. Q. Carnegie. The second is a short account of his interest and 
activities in connection with the production of optical glass and 
the manufacture of astronomical telescopes, written by the editor. 
The third is an imposing list of his contributions to scdentifio and 
technical literature, singly and in conjunction with otliers, of which 
the selected papers in Part I of this volume form a considerable 
proportion. 

When he commenced the work of steam turbine development, 
which has made his name famous throughout the world, Charles 
A. Parsons had many advantages, scientific and mechanical, that 
his great predecessor James Watt lacked. He also possessed the 
aptitude of the bom mechanic, fostered from his childhood in the 
workshop of his father, the Earl of Rosse, at Birr Castle, where, 
to quote Sir Robert Ball, one of his early tutors, Parsons ‘‘ was 
always making all sorts of machines.” At the age of thirteen he 
constructed a sounding device, which was successfully applied to 
his father’s yacht, the principle being the same as that of the 
Kelvin sounding machine. In conjunction with his brothers he 
constructed a steam motor car having a 4 h.p. engine, cardan shaft, 
bevel drive and gear box. Here was an apt illustration of the boy 
being ” father to the man.” Further, during his shop apprentice¬ 
ship at Elswick Works, after his successful career at Cambridge, 
he was much influenced by the example of Lord Armstrong, a man 
of resolution who would not be daunted by any mechanical diffi¬ 
culty, however formidable. In 1880, when he was occupying his 
first professional post with Kitson’s of Leeds, the dynamo and 
electric motor entered the industrial field, and called for speeds 
far in excess of any the reciprocating steam engine could produce 
without some speed-up gear. Parsons realised that the day had 
arrived for the introduction of a high-speed rotary steam prime 
mover. His first attempt was the epioycloidal steam engine, in 
which the cylinders rotated about the crank shaft at half the speed 
of the shaft; but he soon recognised its limitations, and decided 
that nothing less than direct rotary motion, due to dynamic action 
of the fluid on rotor blades, would give a satisfactory solution. 
The turbine idea was not original, in fact it was very ancient. 
Hero in 150 b.c. had enunciated the pure reaction principle ; Branca, 
in 1629, the impulse one. In the list of British patent specifications 
Pilbrow (1842) had outlined the axial flow velocity compound- 
impulse turbine ; Wilson (1848) the radial flow compound-impulse 
and the axial flow reaction machine (similar to Parsons’), and 
Heath (1838) had advocated the use of the diverging type of nozzle. 
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All the attempts of these pioneers to put their ideas into practice 
seem to have ended in failure. In one of this series of papers 
Parsons comments on the efforts of these men prior to 1880. He 
states, “ It would take too long to trace the initiation of each idea, 
but one may say, in the li^t of recent experience, that most if 
not all the designs showed a want of knowledge of the properties 
of steam and of materials, and could not have given satisfactory 
results,” This was written in 1900. In his Watt Anniversary 
Lecture to the Greenock Philosophical Society (1909) he further 
states, ‘‘ I had a model made of Wilson’s turbine eighteen years 
ago, and under steam all that could be said was that it went round 
the right way. I do not think that Wilson can have made a model 
and tested it before he applied for his patent, the course followed 
by James Watt, and one which is to be strongly recommended to 
the attention of inventors generally, under almost all circumstances, 
as saving time, money and disappointment.” 

Parsons had thus a very clear conception of the nature of the 
problem to be faced, and after weighing up the possibilities of the 
various systems he decided on the multistage reaction type. Reason- 
ing by analogy from the water turbine, he decided to divide the 
total pressure drop over a number of turbines working in series. 
The practical outcome of his eCForts, the pioneer machine, now 
housed in South Kensington Museum, is described and illustrated 
in the first and probably the most interesting paper of this series. 
This little machine, developing about 6 kw., drove a dynamo of 
his own design, directly, at the high speed of 18,000 r.p.ra. The 
production of the latter machine, at this early date of electrical 
development, was as big an achievement as the turbine that drove 
it. The description is given in such clear and simple language 
that any layman can understand it. Reading between the lines, 
however, one can realise what an amount of resource, technical 
skill and experimental testing must have been involved in the 
production of this turbine. In one of the later papers Parsons 
deals with the experiments on shaft vibration connected with this 
machine. 

It is characteristic of all these turbine papers that he makes 
no use of mathematical calculations. In only one paper, which 
has no reference to the steam turbine, is a differential equation 
introduced, and it is relegated to an appendix. As Lord Rayleigh 
points out in the accompanying memoir, ” it was in fact very curious 
how little use Parsons ever seemed to make of the formal mathe¬ 
matical training be had at Cambridge,” where he was 11th Wrangler 
in the Mathematical Tripos. Parsons had the equipment, but the 
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oanditions of the design of this small multistage unit did not necessi¬ 
tate any elaborate mathematical analysis, like those of the single- 
stage high-speed impulse machine developed, at the same time, by 
his distinguished Swedish contemporary, Dr. Gustav de Laval. He 
regarded the problem mainly as a mechanical one and found the 
experimental method sufficient for his purpose. He succeeded in 
producing a small and practicable machine, but it had the great 
drawback of excessive steam consumption. Convinced, however, of 
the soundness of his deductions he doggedly persevered, in spite 
of the prejudice and opposition of his confreres, who regarded the 
turbine simply as a fad and a voracious steam-eater. Parsons was 
a man possessed of vision as well as determination. He foresaw 
that this type of prime mover was the machine required for the 
generation of electrical energy on a large scale. His faith has been 
amply justified by the great increase of unit output in large power 
stations, especially in America, during the past twelve years. 

It was unfortunate that the disagreement with his partners in 
1889, led to his withdrawal from the Clarke Chapman firm and the 
subsequent suspension of lus patent rights in the axial flow machine, 
for six years ; and as he puts it, in one of these papers, “ the radial 
flow type of turbine was reluctantly adopted.” He succeeded, 
however, in 1892, in demonstrating with this type, “ that the con¬ 
densing steam turbine was an exceptionally economical heat 
engine ” ; and immediately on the recovery of the axial flow 
patent, he designed and produo.ed the famous Elberfeld 1,200 kw. 
turbines, which attracted attention ail over the world, and started 
Continental and American engineers on the development of the 
various types of alternative compound-impulse turbines. These 
two machines clearly demonstrated the superiority of the compound- 
reaction turbine for the efficient generation of electrical energy, 
and ensured the success which crowned his subsequent efforts. 

Among the general public, however. Parsons’ name is more 
associated with marine turbo-propulsion. His opinion on this sub¬ 
ject, as given in one of these papers, is, “ The most important 
field, however, for the steam turbine is in the propulsion of ships. 
The large and increasing amount of horse-power and the greater 
size and speed of the modem engines ten^ towards some form, 
which shall be light, capable of perfect balancing and economical 
in steam.” The absorbing story of the evolution of the directly 
driven turbine installation is set out in this volume, with great 
clearness. It again brings out in relief the power of initiative Mid 
the resource of the man, combined with the courage to take risks 
attendant on huge increases in turbine size, which led in thirteen 
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years to the phenomenal rise from 2,500 s.h.p. of the famous little 
Twbinia, to the 42,000 s.h.p. of the capital naval vessel and the 
70,000 B.h.p. of the great Cunarders, Mauretania and Lusitania, 
This in itself would have been a notable achievement, arising from 
the initiative of one man ; but Parsons had not yet reached the 
goal he had in view, the application of the turbine to all classes of 
naval and mercantile vessels. The directly connected turbine was 
too inefficient for vessels having speeds below fifteen knots. Gear¬ 
ing down from a small, light and efficient high-speed turbine to an 
efficient low-speed propeller was a necessity. Prom 1882, marine 
engineers had the tried helical reduction gear of de Laval at their 
disposal, but nobody moved in the matter. Again Parsons had 
the courage to act as pioneer, and with the assistance of his partners 
of the Parsons Marine Turbine Co., he expended £20,000 in testing 
the feasibility of helical reduction in the small cargo vessel Vespasian 
in 1909. An account of this installation, its successful operation 
and the material reduction in steam consumption obtained over 
that of the previous reoiprocator, is given in one of these papers. 
This final contribution of Parsons started the era of geared turbines 
in all classes of vessels. Large and heavy direct-connected turbines 
are now things of the past. The great value of this work of Parsons 
in the marine domain to the nation was demonstrated during the 
war. The whole navy, with the exception of a few small vessels, 
was equipped with geared turbines ; and the magnificent steaming 
of the fleet in those days of stress would not have been possible 
but for their high efficiency and reliability. 

With regard to turbine practice in large power stations immedi¬ 
ately preceding and after the war, which is dealt with in two of 
the later papers, it may be said that Parsons was not only the 
pioneer of the practicable reaction turbine, but also the initiator 
of nearly all the advances in turbine design, and in increase of 
unit size, which took place up till 1924. ' The 25,000 kw. turbine 
installed in Fisk St. Station, Chicago, in 1915 was, at that date, 
the largest in the world. Five years after its installation it was 
giving a higher performance than the original guarantee figure of 
Parsons. It was christened “ Old Reliability by the station staff, 
as it never let them down in an emergency. After the war, in 1924, 
he advanced the size to 50,000 kw. in the machine supplied to 
Crawford Avenue Station, New York. This machine had the 
enlarged steam cycle involving steam reheating, regenerative feed 
heating, with increased pressure and temperature limits, which has 
now become the general practice in power stations. Since that 
date great advances in turbine size have taken place in America, 
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to meet the enormous demand for electrical energy by the large 
cities, the world’s record being held by the 200,000 kw. turbine in 
the State Line Station, Hammond, Indiana. Such development, 
however, may well be regarded as the natural sequence to the 
earlier and courageous advances made by Parsons, when other 
engineers hesitated to take the risks involved. 

So much for the professional side of Parsons’ activities, as out¬ 
lined in these papers ; but his breadth of outlook in the domain 
of physical science is amply demonstrated in the presidential 
addresses to various scientific societies, which are also included in 
this volume. 

Despite the strenuous time he passed through in his early pro¬ 
fessional career, he managed to devote attention to some other 
interesting side-lines of scientific enquiry. His elBForts to produce 
artificial diamond carried on during a period of thirty-five years, 
at a total expenditure of about £30,000, are fully recorded in this 
volume. The ultimate failure of this pet hobby must have been 
a bitter experience to him. In his other scientific interests he was 
more fortunate. The early association with his father in astronomi¬ 
cal aflfairs aroused his keen interest in optical work, and in 1887 
he developed a method of producing parabolic searchlight reflectors, 
at a fraction of the cost and weight of the reflectors then in use. 
For many years these reflectors have been made at the Heaton 
works. In his later years he applied his fertile mind to the improve¬ 
ment of the method of production of optical glass. He took over 
the control of the Derby Crown Glass Works, and, to quote the 
editor of this volume, ‘‘ Applying scientific principles, adopted 
methods considered to be revolutionary. These, however, proved 
successful and achieved his purpose.” He is said to have expended 
£60,000 on the improvements in the manufacture of optical glass. 
An account of these activities is given in Appendix B. A final 
word may be added on another hobby which afforded him a welcome 
relaxation in the midst of his turbine problems. This was the 
auxetophone described and illustrated in Appendix A. The article 
gives an extremely interesting account of Parsons’ progress, from 
the analytical investigation of the acoustic problem to the practical 
embodiment of the theory, and details the great amount of handi¬ 
craft work he expended on it, and the progress until it was success¬ 
fully applied to the cello and double bass instruments. It was, 
however, too clumsy for attachment to the violin, and did not give 
satisfactory performance when applied to the piano and harp. 
Where however applicable, it gave thirty years ago as good sound 
amplification as the modern wireless loud-speaker. On the advent 
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of wiielees broadcasting in 1922 it was tried experimentally as a 
loud-speaker. Parsons was much interested in its performance, 
but as his patent rights had long expired, this interest was of a 
purely sentimental nature. 

Lord Rayleigh’s memoir adds a welcome j^ersonal touch to this 
notable collection of papers and addresses, which is worthy of a 
place, not only on the bookshelves of the scientist and engineer, 
but of all those who are interested in the history and progress of 
scientific invention. 
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MATHEMATICS 

Lectures on Matrices. By J. H. M. Weddkrburn. [Pp* vii 4* 200.] 
(New York : The American Mathematical Society, 1934. $3.00.) 

The origin of matrices is to bo found in Hamilton’s Lectures on quaternions, 
which appeared about eighty years ago. In the 8uccee<ling fifty years notable 
contributions to the subject have been made by many mathematicians, but it 
is only during the present century that the importance of the theory in diverse 
branches of applied mathematics has been appreciated. This book, which is 
Vol. XVII of the Colloquium publications of the American Mathematical 
Society, is based on lectures given at Princeton University on various occa¬ 
sions since 1920, and is primarily addressed to the pure mathematician. It is 
clearly and concisely written, and the text gives a fair indication of the direc¬ 
tions in which the theory has cliiofiy developed. These qualities should make 
the book of value to applied physicists, engineers, statisticians and others who 
desire to utilise matrices in their work, in addition to those interested in the 
subject as a branch of algebra. Particular features of the treatment are the 
extensive use made of unit matrices (one co-ordinat<^ with the value 1, the rest 
all 0) and of the scalar product of vectors. Many of the more difficult results 
are reached with remarkable ease. Among the subjects dealt with in the 
latter half of the book are commutative matrices, functions of matrices, and 
the automorphic transformations of bilinear forms. A final chapter deals 
with the classification of algebras. 

The book is provided wdth an excellent index, and with a bibliography 
which is the more valuable for being critically selected. Incidentally it 
displays well the historical development of the subject. In another short 
appendix the author indicates the writers whom he is largely following in the 
various chapters. 

The treatment is confimwi to square matrices of finite order. The only 
fault to be found with the {printing is that the small italics used os suffixes, etc., 
are not as clear as could be desired. A few errors in the text may be attributed 
to this cause. A few other errors remain, some of which may trouble a reader 
new to the subject. Had space permitted a slight lengthening of the text and 
the inclusion of more illustrative examples these faults would have been of 
little importance. However, the student who solves these difficulties for 
himself will be amply rewarded. 

T. S. 

The Calculus of Finite Differences. By L. M. Mii^ne-Thomson, M.A,, 
F.B.S.E. [Pp. xxui 4- 668, with 23 figures.] (London; Macmillan 
& Co., Ltd., 1933. 30s. net.) 

The need for a text-book on subjects associated with finite difierenoes will be 
readily conceded ; the English reader has virtually only one source of ooUeoted 
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information, namely Whittaker and Robinson’s The Cakulua of ObsermHons. 
The book is heterogeneous—highly theoretical matter interspersed with 
attempts to bring theory to the level of practice. Judged from the practical 
view-point, it can only be described as disappointing; theory is here the 
master, not the handmaiden. 

The book opens with one of the most difficult and least used asptxits of the 
subject, namely divided differences, which every good computer tries to avoid. 
The second chapter plunges into difference operators, which, combined with 
the fact that stories are usually written in the S form, and rarely with the first 
few tenns shown in full, servo to obscure any {>oint8 that a practical reader 
might otherwise glean. 

The third and fourth chapters cover interpolation and subtabulation. 
Under the heading “ Modified Bessers Formula ” is given, without mentioning 
the name, the “ throw-back,” now established by the British Aaeociation 
McUhemaliml Tables^ which enables higher order differences in many cases to 
be virtually dispensed with. The principle by which the coefficients for the 
throw-back are determined is that the greatest positive error should equal 
numerically the greatest negative error ; they are here detormiiu^d by making 
the moan error vanish. Perhaps this accounts for the omission of the first and 
important cose where the fourth difference is thrown back to the second ; the 
coefficient that would be derived from this theory is — 0*1833, os compared 
with the true coefficient of — 0*1839. 

The reader is loft vague (p. 90) as to the limits of permissible fluctuation in 
oscillating differences. A theoretical limit of ± 32 is derived for sixth differ¬ 
ences ; the practical limit, which is much less, is not discussed. Cliapter V 
introduces the English reader to the reciprocal differences and interpolation 
formulsD of Thiele, but without demonstrating their practical utility, as no 
skilled computer would do the example given, namely the interpolation of 
tan X near OO'’, either by this process or by differences. 

After an exposition of the polynomials of Bernoulli and Euler the 
important subjects of numerical differentiation and integration are reached. 
We note the absence of any reference to the classical work of von Oppolzer, 
or Kowalewski’s Interpolation und Oendherte Quadratur (Leipzig, 1932). 
Throughout the remainder term has been unduly stressed ; the climax to this 
theoretical one-sidedness comes on p. 102, “It will bo scon that the com¬ 
plicated form of the remainder term may often render the use of Markoff’s 
formulas preferable to those with central differences.” Practical com¬ 
puters often go tlirough life without hearing the expression “ remainder 
term.” 

Chapter VIII, on the summation problem, gives an English accoimt of 
Nfirlund’s work on the “ principal solution ” of a difference equation of the 
first order. After chapters on the psi and gamma functions and factorial 
series, the remainder of the book is devoted to difference equations. 

The author’s diversity of practice, in sometimes attributing methods to 
contemporary authors with full reference and names, and at other times 
incorporating work without either name or reference, might easily mislead the 
reader as to the true authorship of the methods. An equivocal example is the 
inclusion (pp. 91-*4) of the so-called “ end-figure ” method of subtabulation, 
first publi^ed in Monthly Notices of ihe Boyal Astronomical Society, 88, 612~1S 
(April 1928). The inspiration for the paragraph “ Modified Bessel’s Formula,” 
already discussed, will be found on p. 516 of the same paper. The paragraph 
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on p. 94 commencing “ Another method of subtabiilation . . .’’is baaed on 
another paper in M.N.R,A*S,f 92, 537-38 (April 1932). The method of 
checking tables by differencing the end figure and building up (p. 91) was put 
forward on p. 639 of the same paper 

L. J. C. 


Five Place Table of Natural Trigonometric Functions to Hun«- 
dredths of a Degree. Compiled by Amklia de Lklla. [Pp. 52.] 
(New York : Jolm Wiley & Sons, Inc.; London : Chapman & Hal), 
Ltd., 1934. 6e. net.) 

The opening paragi*aph of the Preface of this volume says “ This table has 
been compiled in response to a frequently expressed desire on the part of 
engineers for a five place table of natural trigonometric fimctions of angles 
expressed in degrees and hundredths of a degree.” Such a desire has been 
met perfectly for the last 25 years by Lolise’s TafeXn fiir numeriachee Rechnen 
mil Maachinen (Leipzig, Engelmann, 1909), an accurate and well-printed table 
giving the natural values of the six trigonometrical functions at intervals of 
0°-01, with their differences. 

This table does not possess either of the two virtue's just mentioned. It 
has been compiled from Brigg’s Trigonomeiria BrUannica (not Brittanica, as 
given in the Preface), but with the inclusion of three gross errors (tan 1®*81, 
sin 18'^*24 and cos 42®*09), and thirteen errors of a unit in the last decimal. 
These errors have all been introduced by the compiler ; the thirteen errors of a 
unit are due to rounding-iip when the rejected figures lie between 495 . , . 
and 499 . « * 

The arrangement is as inconvenient as it could possibly be. Successive 
values are in rows instead of being in columns, while the four functions are 
jumbled in a way that can best be shown by illustration. 


sin 

•00 

•30902 

•01 

•30918 

00 

0 

•09 

•31061 

•81068 

cos 

cos 

•96106 

•95100 


•96067 

•96052 

sin 

tan 

•32492 

•32611 


•32666 

•32685 

cot 

cot 

30777 

30769 


30613 

30595 

tan 

sin 

•31068 

•31084 


•31217 

•31233 

cos 

cos 

•96052 

•95040 


•96003 

*94097 

sin 

tan 

•32685 

•82704 


•32859 

•32878 

cot 

cot 

30505 

3-0577 


30433 

30416 

tan 



•09 

710 

•01 

‘66 



The copy has been prepared on an ordinaiy typewriter, and reproduced by 
photo-lithography, so that the appearance is anything but pleasant. The 
things we welcome in the book are the implied indications that engineers are 
appreciating the decimal division of the degree and the advantages of calcu¬ 
lating machines. 


L. J. 0. 



BBVIBWS 


163 


ASTRONOMY 

General Astronomy. By H. Sfsnceb Jones, M.A., Sc.D., F.R.S. 

Second edition. [Pp. viii -f 437, with 28 plates and 113 figures.] 

(London : Edward Arnold & Co., 1934. 12s. 6d. net.) 

The appearance of a second edition of the Astronomer Royal’s book provides 
an excellent opportmiity for the stock-taking of our astronomical knowledge 
and theories. An examination of the many additions to the first edition 
enables us to see where and how far the line of our battle-front against 
nescience has advanced in the last twelve years or where a change of emphasis 
suggests that a further advance is in progress or in view. Tli(3 fact that the 
proportion of the volume devoted to the stars, as distinct from the solar 
system, rises from one-quarter to one-third is symptomatic of the changing 
outlook of astronomy. The expansion, to allow of the admission of much new 
matter in the present edition, has boon effected by the very doubtful expedient 
of using smaller typo. The next edition—and other editions are sure to 
follow—will call either for drastic excision (e.g, of the chapter on Astronomical 
Instruments) or for two volumes, unless the ncjw knowledge of the coming 
years is to bo described in a supplementary volume. 

A few notes must be given on the adilitions to the book. In the case of 
the Earth we note the section on the Ago of the Earth and the detailed ac<5ount 
of the secular and irregular changes in the Earth’s rotation. Recent observa¬ 
tional work on tho Moon is rofloctod in the discussion of its rills and rays while 
recent theories of the origin of lunar craters are given. Typical of a number of 
changes in th(3 book is tho statemont, ** It is certain also that there is no water 
on the Moon ” ; tho earlier volume used the word “ probable.” The fresh 
notes on the planets refer mainly to their albedo, their atmospheres, their 
surface temporattires and thoir periods of rotation. On all these subjects 
recent work has been done, while the photography of the planets in ultra¬ 
violet and infra-red light has added to our understanding of their nature. 
Pluto represents a new planetary discovery since the first edition was pub¬ 
lished : while the number of asteroids known has increased from imder 1000 
to over 1200. Among the new asteroids mention is especially made of our two 
near neighbours Amor and 1932 HA. Turning to the Sun we may note the 
acooimts of Bjerknes* theory of sunspots, of modem views of the chromo¬ 
spheric and other layers of the solar atmosphere, the discussion of the effective 
temperature of the Sun and the maintenance of its heat output. The 
astronomical applications of the theory of relativity are also introduced. 

But the additions to the chapters on the Stars are much more striking and 
important—some of the chapters being practically rewritten. Here the 
author must have foimd it very difficult to select from among the mass of new 
material what should be published at this stage. The reviewer feels that at 
least as a signpost pointing along an important path into the realm of future 
work, some reference could have been made to recent work on spectral line- 
intensities and the application to such problems as eure discussed in Professor 
H. N. Russell’s Halley Lecture of 1933. But if everything that a critic 
looks for is not present there is a great mass of new material in the stellar 
chapters. Only a few items can be mentioned here but they will suffice to 
show the present range of the book. Stellar diameters, stellar rotations, the 
mass-luminosity law, the rotation of the Galaxy and some aspect of the aaQrm- 
metry of stellar motions, the distances and recession of the spiral nebulsB, the 
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esepansion of the Universe, white dwarfs, the loss of mass by radiation and the 
ages of the Stars and of the Universe, all represent work of the last twelve 
years and figure only in the new edition. The aooounts of variable stars and 
nov«e, of binaries, of nebiilie (both galactic and extra-galactic) of clusters, of 
stellar interiors and of cosmogonical ihoorios are greatly expanded and 
brought up to date. Fresh figures recently determined by more accurate 
methods replace those given in the earlier edition. 

In many cases there is to be noted a replacement of hesitation by certainty. 
In one case—the discussion of stellar evolution—the move is in the other 
direction; theory is in a state of flux and the comparative certainty with which 
the older theories were successively held have vanished. For the most part 
the Astronomer Royal states his views of current theories with confidence and 
conviction. Some carry within them no doubt, as good theories in a progressive 
science should, the seeds of their own destruction : a later generation of 
theories will spring from them and in due course replace them. Later 
editions of the work under review will show changes, which wo may con¬ 
fidently hope will be as skilfully and wisely made as those in the present 
volume. 

F. J. M. S. 


Through Space and Time. By Sir James Jeans, M.A., D.Sc., Sc.D., 
LL.D., F.R.S. fPp. xiv 4- 224, with 53 plates.] (Cambridge : at 
the University Press, 1934. 8a. 6d. net.) 

The Royal Institution lectures “ adopted to a juvenile auditory ” delivered 
by Sir James Jeans at Christmas, 1933, are hero presented in book form, 
and are nearly as fascinating to read as they were to hoar. The journey 
through space takes the traveller to the remotest nebul® which have yet 
recorded their existence on a photographic plate, and he is duly informed 
that not only is space inconceivably largo but it is continually expanding. 
The journey through time traces the history of the earth from its birth¬ 
place in the sun, its gradual cooling into its present shape, the earliest forms 
of life, the ago of the fearsome and gigantic reptiles, and finally the appear¬ 
ance and development of man. Answers are given to such diverse questions 
as How Saturn got his rings ; What earthquakes tell us about the interior 
of the earth, and radio waves about the upper atmosphere; What the 
scenery on the moon is like ; Whether life exists in Mars; How the stin 
maintains its heat; How meteors sometimes strike the earth and what 
havoc they can produce ; What is the number of the stars. These are 
merely a few examples, and all are answered in so clear and illuminating 
a way as to ensure the interest of all “ juveniles *’ of whatever age. 

The illustrations are numerous, well chosen, and excellently reproduced, 
while an index has also been included. 

As the circulation reached the sixth thousand within ten days of publi¬ 
cation the record established by some of the author's previous books seems 
likely to bo endangered. It is no small feat to cover so wide a field of 
astronomy and geophysics so attractively and so intelligibly. The book 
can be unreservedly recommended as a present for any “ juvenile ** who 
shows an inquiring interest in science. 


R. W. W. 
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PHYSICS 

Theoretical Physics. By Gsorg Joos, Professor of Physios at the 
University of Jena. Translated by Ira M. Freeman, Ph.D., Chicago. 
fPp. xxiv 4- 748, with 3 plates and numerous figures.] (London and 
Glasgow : Blockie & Son, Ltd., 1934. 26s. net.) 

In his preface to this work on Theoretical Physics the author describes it as a 
guide book to readily accessible territory from which the partially explored and 
more difficult country may be seen and the visible peaks attained. 

A guide book to the well-established territory of physics must surely be 
equivalent in size to many volumes of Baedeker and with this book before one, 
with about 700 pages it is true, one may well wonder if too much haa been 
undertaken for one volume. 

The table of contents is a large and comprehensive one, covering the sub¬ 
jects which, in this cotintry, we regard as appropriate to an honoiurs course and 
in some coses going beyond it. The book is arranged in seven parts, beginning 
with a mathematical introduction on vectors, the representation of vibrations 
and waves and on the use of the complex variable. This is very clear and very 
useful and helpful. Six chapters are given up to mechanics, one of which is 
devoted to generalised dynamics and the lost gives as much of the special 
theory of relativity as haa come to be regarded as the necessary equipment of 
the physios student. 

The electromagnetic theory is described in two parts, the field and the 
atomistic theories. The former includes a treatment of optical phenomena, 
the propagation of light in crystals and difEraotion. 

Geometrical optics is placed in the lost chapter of this part and has only a 
scant treatment of about ten pages. The presentation is by means of the 
collinear relationships. It is too much to expect adequate treatment of all 
branches in a work of this nature and one can only regret that there is not 
space for the presentation of this subject, which is usually badly taught and 
much neglected. 

The theory of heat consists chiefly of thermodyneunics and statistics with 
an introduction to the new statistical theories of Boso-Einstein and Fermi- 
Dirac. The account given con be presented to stud^mts as easily as the 
elassioal theories and the writer has made the subject easier by giving a 
concrete example. 

The last chapters are a brief interesting introduction to some of the modem 
developments from which, no doubt, many teachers of physics will receive 
their first impressions of the book. Some of the subjects introduced here ore 
the Uncertainty Principle, the Wave Equation and Nuclear Physios. 

When one remembers that the author is a Gorman physicist and that the 
book was translated by an American it seems remarkable that it is so exactly 
suited to the needs of the English University student. The notation is well 
chosen and is that which is now very generally adopted in original papeni. 
It will make advanced papers more accessible to students and it would be an 
advantage if teachers in this country could be persuaded to adopt it. The 
translation is excellent and there is little, if anything, to show that the 
original is in anotlier language. We congratulate the translator on the final 
decision to retain the particular form of vector notation employed in the 
original, for if it is not universally adopted, it is, at any rate, universally 
understcKKl. The work is one which teachers will find very usefiil. Students 
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will find the argument clear and will bo helped in their difficultiea by making 
use of the examples and their solutions which the author uses to assist in 
teaching and to supplement tlie material. 


H. T. F. 


The Physical Basis of Things. By J. A. ELOiunoK. International 
Series in Physics. [Pp. xiv -f 407, with frontispifijce and 136 figures.] 
(Now York and I^ondon : McGraw*Hill Book Co., Inc., 1934. 228, fid. 

net.) 

This is an exciting book. It has boon the author’s aim to make it exciting 
(“ something of the story must bo lived through by the student ”) to the 
average American undergraduate in his. stxjond y<^ar of Collegf^. Naturally, 
a first year course in general physics is presupposed, but the aim is “to 
give appreciation of the moaning of modem physics,” rather than to impart 
information. Books of this scope, addrtjssed to future examinees—^there 
are ten pages of questions at the end of the text.—are not as yot common 
in this country ; they are peculiarly a product of the American system of 
education. Nevertheless, this particular product may have an export value, 
if only because, in this case, the attempt to make physics intellectually 
exciting has so far succjeeded. Tlu^ reader is given curiosity-provoking 
glances into rc^lativity theory, the kinetic theory of matter, the fields of 
optical, X-ray and infra-nxl spectrometry and nuclear physios; whilst, 
finally, a brief encounter with the ideas of the new quantum mechanics 
completes his survey. By way of diversion he is provided with portraits 
(and word-pictures) of five of the leacling scientists of the day and full-page 
quotations from The Torchbearera and Cavendish Poai-pra/ndial Proceedings, 
For his encouragement, maybe, the names of Nobel Laureates in Physics 
(and, occasionally, in Chemistry) are given in an appendix—^together with 
an indication of the cash value of the p^izf^ 

However, excitement is not for everyone; those whose concern with 
physics is likely to be more fundamental will find fascination enough in a 
presentation of the subject whore trains of logical reasoning are less frag¬ 
mentary. Moreover, such students will require facts. Hero there is no 
dearth of facts, despite the disclaimer, but sometimes complete aoctiracy is 
lacking. Table 62 contains thirteen separate inconsistencies—^mostly 
arithmetical. 

N. F. 


Atomic Structixre and Spectral Line*. By Arnold Sommkefeld. 
Translated by H. L. Bbosb. Vol. I, Third edition. [Pp. xi -f 676, 
with 151 figures.] (London : Methuen & Co,, Ltd., 1934. 36s. net.) 

This is a translation of the fifth edition (1931) of Aiovnbau und SpektraUinient 
which first appeared in 1919. Progress has been so rapid since that time that 
considerable changes in treatment and numerous additions to the matter were 
called for, and Prof. Sommerfeld found it necessary not only largely to recast 
the work but also to divide it into two volumes. Ilie first, now under review, 
is an expanded and up-to-date version of the origmal “ Atombau,” omitting 
all detailed wave mechanics theory, which is reserved for Vol. II. Although 
this precludes a strictly logical and comprehensive development of the subject, 
the author’s plan has much to commend it, and will probably prove acceptable 
to the majority of his readers, who will be disposed to agree with him that 
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** it is possible to understand the new theory only by building it up from the 
old theory.** 

Some indication of the importance of the new matter may be afforded by 
reference to a few of the items, such as the electron spin treatment of multiplet 
structure, the Pauli principle, the Compton effect, line intensities and hyper- 
fine structure. This last, contributed by Dr. Gwynne Jones, and the section 
on bond spectra, migVit justifiably have bean expanded somewhat, but one can 
sympathise with the author’s desire to keep the size of the volume within 
reasonable limits. As it is, there are some fifty pages more than in the first 
English edition, but greater compactness has bean secured by the use of 
thiimer paper. (The very slight saving effected by cutting down the index 
was definitely not worth while, however.) The trtmslation is fully up to the 
high standard previously sot and does full justice to Prof. Soramerfald’s 
lucidity and mastery of exposition. It is very occasionally indeed that one 
con sense the original German, as in the use of terms such as “ bands shaded 
{abschattiert) to the'i rod ** and the “ many Jines (viellinien) spectrum of 
hydrogen,’* for which well-established English o(|uivalont8 arc^ available. 
The revision has been so thoroughly done, toe, that internal evidence of the 
very respectablo age of the work is almost entirely lacking, with one notable 
exception, namely the retention of the v'J' . . ., 7>J . . . notation to indicate 
upper and lower electronic atatf^s of band systems instead of that now univer¬ 
sally employed by spoctroaoopists, namely v'J' . . t/J" . . . The single 
appearance of the latter notation in the intensity formula (p. 592) is obviously 
an oversight. 

A few of the outstanding discoveries of the lost few years, for example in 
connection with cosmic rays, neutrons, and heavy hydrogen, are briefly 
described in a note by the translator. 

W. B. C. 


A Study of Crystal Structure and its Applications. By Wukblbb 
P. Davey, Ph.D., Research Professor of Physics and Chemistry, School 
of Chemistry and Physics, Th<^ PonnHylvoiiia State College. [Pp. 
xi -f- 695, with 266 figures,] (New York and London : McGraw-Hill 
Book Co., Inc., 1934. 45«. not.) 

This book is one of the International Series in Physics edited by Prof. F. K. 
Richtmyer. It is a comprehensive review of the whole field of the analysis of 
crystal structure by X-rays and of the significance of the results. The author 
states in the preface that it is written primarily for men who have the maturity 
and training to be expected of a college graduate, and that its purpose is to 
put such a person in possession of enough knowleilge of tlie theory and 
technique of crystal analysis to enable him to read the literature intelligently 
and to do independent work. It does not attempt to be an encyclopedia of 
the theory, nor is it a summary of data. 

The literature of this subject has now assumed enormous proportions, and 
the rate of advance is very rapid. The author has indeed set himself a 
herculean task in attempting to write a book of this length, for it is almost 
impossible for any one man to make himself acquainted with the latest work 
in all fields, and at the same time by personal investigation and experience to 
acquire the sense of proportion which enables liim to sift the wheat from the 
chaff and direct the attention of students to methods which have proved best 
in practice and conceptions which have proved to be the most productive of 
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further investigation. The chief criticism which may be made of the book is 
that much of the chaff has been retained in the sifting process and that a good 
deal of the wheat has boon lost. A new subject such as crystal analysis passes 
through a stage where tentative hypotheses are made in order to summarise 
results and suggest further work. These hypotheses are admittedly imperfect 
and crude, but servo a most useful purpose at the time. When they have been 
replaced by a theory on more secure foundations, it is best to dismantle the old 
scaffolding and allow these gropings towards the truth to be forgotten 
altogether except for brief reference in an historical review. In the present 
work, they appear to the reviewer to play too largo a part in a student’s 
introduction to the subject. 

The chapters on packing shapes of atoms, and on the calculations of 
lattice energies, may be cited as examples. The viowiK)int adopted is of a 
very classical ’* typo with much discussion of static models, and as far as 
they are concerned the revelations of quantum mecdianics might never have 
been made. Wlien the concession of a reference to the quantum theory is 
made, it is to the original Bolu* theory with its definite electron orbits. On 
the experimental side, the chapter on the powder method describes for the 
most part the iiso of molybdenum K radiation for this purpose, and the 
author gives the impression that an accuracy of one part in one thousand is a 
reasonable ambition. The use of the short Mo-rays has been abandoned just 
because the attainable accuracy is so poor, and one of the outstanding features 
of modem work is the use of a series of longer radiations and the consequent 
increase of accuracy towards 1 part in 50,00() by the back reflection method 
in cases where the ciystalline material is sufficiently perfect. 

The author is conspicuously fair and generous when describing the work 
of others, and the book contains many illuminating and suggestive ideas. One 
cannot help feeling, however, that it has been compiled from such sources as 
happened to be conveniently available, some of them rather out of date, and 
that it has been impossible for the author to undertake the wide review of 
literature in several languages which is desirable for a treatise of this scope. 

W. L. B. 


CHEMISTRY 

Handbuch dor Anorganiachen Cheznie. By E. Abbqg, Fr. Auerbach 
and I. Koppeu. Vol. IV, Pt. 3, Sec. 3, Sub-sec. 1 ; Cobalt and ita 
compotinda. [Pp. xvi -f 626, with 170 figures.] (Leipzig: Verlog 
von S. Hirzel, 1934. KM.58.) 

The latest edition of Abogg’s famous Handbuch majestically approaches its 
conclusion with the volume covering part of the chemistry of cobalt. One 
wishes that a less complicated system of naming the various parts had been 
adopted or that there were more synonyms in English to translate Vierter 
Band, Oritte Abteilung, dritter Teil, Liefemng I; as each sub-sub-sub-part 
runs to some 500-600 quarto pages and there are 15 so far published, to 
describe the work as in four volumes implies a type of binding which would 
trouble the book-binder and impose considerable physical exertion on the user. 
Apart from this criticism there is little one can say on so masterly a inoduotion 
except to point out that the treatment, for which the earlier edition was so 
appreciated, has been retained, namely the physical chemistry of the element 
and its compounds has been kept to the fore. 
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The present part deals with the atomic weight of cobalt, the cobalt atom, 
metallic cobalt, compounds of bivalent cobalt, ammincs of bivalent cobalt, 
compounds of tervalent cobalt, compotmds with the metalloids of groups 
one to six and with metals and the colloid chemistry of cobalt. The ammines 
of tervalent cobalt are yet to come. The value of the work as a reference 
book is too well known for it to need further recommendation. 

O. L. B. 

Technical Gas Analysis. By G. Lunok, Ph.D., Br. Ikg. (H. C.) 
Revised and rewritten by H. R. Ambler. Ph.D., F.I.C. [Pp. xvi -i- 416, 
with 138 figures.] (London : Gurney & Jackson, 1934. 21s. net.) 

This volume retains a goo<l deal of Lunge’s original work in a shorter and 
revised form, but contains so much fresh material os to become practically a 
new work. Very early (p. 5) a warning is given of the possible toxicity of 
mercury vapour, a subject of serious import to all users of gas apparatus. A 
feature of the work is the fact that working details are in general sufficient 
for immcHliate use and refer€moes to accessible works are given in those cases 
where the analysis of a gas or the determination of a constituent is but rarely 
required. Sampling and measurement of gas volumcis and pressures, as well 
as the determination of densities and descriptions of apparatus required, 
receive full treatment- 

It is curious to note that with but comi>aratively small modifications the 
older types of apparatus such as that of Great and Hempel ami the Lunge 
nitrometer, still keep their places os the best working instruments. While the 
description and diagram of Dennis pipette are valuable, it is not so certain 
that so many illustrations of modifications of Great’s apparatus (Figs. 38, 40 
and 41) need have been given. Dr. Ambler’s own contributions to gas analysis 
are described in moderate detail but for some reason Fig. 69 showing the 
main featiHes of the Ambler apparatus is badly lettered. Nevertheless, it is 
a definite advantage to have the descriptions of the Ambler apparatus, and 
that of ChamlK>rlin-Newitt for small quantities of gases, brought together 
under one cover. It is to be emphasised tliat with these types of apparatus 
gas analysis con be made as conveniently and accurately (if not more so) 
with 1 or 2 ml- of gas, as with the older types requiring considerably more gas. 

There is an excellent discussion of absorption methods for determining 
oxygen and of the various procedures for carbon monoxide, and fractional 
combustion methods also receive due attention. Borne forty pages are 
devoted to physical methods such m density, viscosity, refraotivity, thermal 
conductivity and fractional condensation. In general, these physical 
methods ore likely to be limited to binary mixtures or to mixtures of gases 
in which one constituent alone is liable to variation. 

A large part of the work is rightly devoted to individual gases. In this 
Section it is shown that the determination of nitrogen can be made directly 
without too groat difiioulty. Ambler’s apparatus being particularly suitable for 
the purpose. Tlie section dealing with the calorific value of coal-gas is very 
short and largely a description of various typos of apparatus. It has, however, 
a brief discussion of the oaloiilation of the calorific value from the composition 
of the gas, 

Fart is devoted to due gases and gases of chemical industry, the usual 
methods (automatio and others) with some variations, being described fairly 
fully. The well-known Haldane apparatus and modiBcations thereof receive 
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due consideration, perhaps in a rather condensed form. The book is well 
printed in bold type, is well indexed and is free from misprints. A few useful 
tables are incorporated, one diwoted to physical constants of gases being 
given twice (pp. 206, 207 and 388, 389) for some reason which is not obvious. 
Dr. Ambler has succeeded in producing an up-to-date practical work which 
will surely be found in the libraries of all laboratories engagetl in gas analysis. 
The printing and paper are so good that they form a distincit contrast to the 
general appearance of the cover. 

J. J. F. 

Crystals and the Polarising Microscope. A Handbook for 
Chemists and others. By N. H. Haatsuorne, Ph.D., M.8c., and 
A. Stuart, M.Sc., F.G.S. (Pp. viii f 272, with 217 figures.] (London : 
Edward Arnold & Co., 1034. 16«. net.) 

All chemists arc^ concerned with matter in the crystalline condition ; with 
the preparation, identification and characterisation of crystalline specimens : 
yet it must be admitted that few of them have a working knowledge of 
crystallography and of the way in which the polarising microscope can bo 
used to increase the accuracy of their observations. 

By the examination of the external shape and the optical properties of 
crystals under the microscope the laboratory worker can attain much gre^ater 
precision when characterising a specimen, identifying one substance with 
another or discriminating between two similar crystalline samples, and he 
thus saves himself and others much time and trouble. In dealing with 
substances for which some other customary criterion, such as the melting- 
point, fails or gives uncertain results such methods may be of exceptional 
value, and it will be obvious that there is an inunense practical advantage 
in a device the use of which often makes it possible to identify components 
of solid mixtures without separating them. 

There con bo no doubt that these methods would prove useful in all 
laboratories and that in certain classes of problem, such as the study of 
heterogeneous equilibria, serious error may arise from the omission of this 
type of observation. 

Hitherto there has been no English work on this subject designed to meet 
the needs of the chemist as well as the geologist. The authors of the book 
now under review are therefore to bo congratulateil on having brought together 
in one volume all that is necessary to enable the chemical reader to add the 
technique of crystal microscopy to his repertoire of laboratory methods. 

In the first three chapters a general account is given of crystallisation, and 
of the internal structure, external form and optical properties of crystals. 
The microscope and its use in the examination of crystals are described in the 
next three chapters, whicli form the kernel of the book. Tlie two concluding 
chapters are of special chemical interest: a remarkable number of examples 
are here cited to illustrate the use which has already been made of the 
polarising microscope in a wide variety of published research in all the main 
branches of chemistry. The final section outlines the method of procedure 
to be adopted in examining a specimen, and a few cases are described in detail. 

This book should do much to extend the use of the microscope in chemical 
laboratories of all kinds. It is not only a scholarly work, but at the same time 
a thoroughly practical book. The summaries appended to some of the 
chapters will prove very useful. Similar summaries derived from the chapters 
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on optical examination will no doubt be drawn up by any reader who makee 
aerioua use of the book. The authors might nevertheless consider the 
desirability in a future edition of adding further summaries and in particular 
a general determinative table to embrac»,e simultaneously observations of both 
external shape and optical properties. 

The production of the book is excellent and the price is not excessive in 
view of its special character and the large number of diagrams which are an 
essential feature. 

G. M. B. 

Physical Chemistry. By A. J. Mee, M.A., B.Sc. [Pp. xx -f 780, with 
208 figures and 6 plates.] (London : William Hoinemann, Ltd., 1934. 
15ir.) 

One of the most striking features of modem science is the deep interpenetra¬ 
tion of physics arul chemistry so that the boundary between the two sciences 
is almost obliterated. It was never more necessary than to-day for every 
chemist to be something of a physicist, and, it might be added, for every 
physicist to be something of a chemist. 

The book under review illustrates this tendency for it is concerned with a 
far wider range of subjects than those which would have been included in a 
textbook of physical chemistry thirty years ago, Mr. Moe is to be congratu¬ 
lated on the large measure of success with which he has attained his object in 
writing “ an up-to-date outline of the results and methods of Physical 
Chemistry.” The topics usually included under this lieading are adequately 
dealt with, whilst more recent work is incorporated in the form of clear 
accoimts of such subjects as atomic structure, heavy hydrogen, nuclear 
disintegration, dipole moments, etc. A valuable feature is the provision of 
descriptions of underlying physical methods and principles which are 
elucidated by the aid of a number of sinjple diagrams. 

A few errors may be mentioned which can readily he corrected in later 
editions. The diagram on p. 490 does not show Cottrell’s apparatus but a 
higlxly simplified form of it. On pp. 613, 614, hydrogen peroxide is described 
as an endothermic compound ; it is, of course, exothermic with a heat of 
formation from its elements of about -f 47,000 cals. The value — 23,000 cals, 
given on p. 614 is the heat of formation from water and oxygen. 

This book is primarily intended for the use of students up to B.Sc. Pass 
standard ; it should however be of internist to a wider cirtde of ohemista who 
wish to keep in touch with modern dcwt'lopmenta in physical chemistry. 

8. S. 

Electrolytes. By H. Faxjcknhaoen. Translated by B. P. Bell. The 
International Series of Monographs on Physics. [Pp, xvi -f 346, with 
105 figures.] (Oxford ; at tlie Clarendon Press ; London : Humphrey 
Milford, 1934. 26s, net.) 

The development of the so-called “ modem theory ” of electrolytes has been 
BO rapid and has involved mathematical treatment so far from elementary and 
the introduction of so many subsidiary hypotheses, often seemingly in conflict 
with on© another, that the average cheznist sighs for the good old days of the 
elaasicai theory before the mathematical physicist came upon the scene, when 
a sodium chloride solution (at least, if it wore very dilute) seemed a relatively 
simple system. But those days are gone, and there is now a danger that the 

U 
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ohemist, who has contributed so largely to the experimental development of 
the subject, may be afflicted with an inferiority complex and be inclined not 
only to accept unquostioningly the correctness of the mathematical operations 
but even to omit to examine with duo care the nature and validity of the 
assumptions upon wliich the modem theory rests and the extent to which its 
conclusions are actually 8upporte<i by experimental facts. Hans Falken- 
hagen’s EUktrolyte which appeared in 1932 has proved of immense value 
because it not only sets forth in a clear and logical fashion the deduction of the 
principal equations of the theory of interionic forcesinrelation to the properties 
of strong electrolytes, but also includes a jiroper statement of the basic assump¬ 
tions and limitations of the theory and a critical discussion and correlation of 
the various subsidiary theories whicli link up with the classical view by making 
allowance (or by avoiding the necf^ssity for making any special allowance) for 
the existence ojf undissociated molecules, ion pairs, or complex ions. More¬ 
over, a useful account is given of the recent experimental work on the deptmd- 
enco of conductivity on field strength and frequency. The treatment of the 
whole subject is such that whether tlie reader follows the details of the mathe¬ 
matical operations or not, he is able to visualise at least the essential outlini^s 
of a general theory which already goes a long way towards accounting for the 
properties of all types of electrolyte—strong and weak, simple and complex, 
aqueous and non-aqueous—provided that they are reasonably dilute. 

Our gratitude to Dr. Falkenhagen must now be extended in no inconsider¬ 
able measuro to Mr. R. P. Boll who has not only produced an excellent trans¬ 
lation of the German text, but lias, in consultation with the author, revised it 
in the light of advances which have been made during the last two years. 
This revision has involved the introduction of now experimental results with 
the corresponding diagrams and references, as well as some extension on the 
theoretical side. Some condensation has been c^ffected, however, in other 
places, and on© small sub-section of the original and the Author Index have 
been omitted, with the result that there is no appreciable increase in btilk. 
Very few errors appear to have escaped correction : it may be noted, however, 
that on p. 206 acetonitrile should road benzonitrile. An English version of 
Debye’s admirable foreword has been included, and an interesting appendix 
on recent applications of quantum mechanics to the theory of electrolytes by 
Prof. R. H. Fowler, one of the general editors of this series of monographs, has 
been added. Since this appendix deals, however, mainly with electrode 
equilibria, and reactions—subjects which lie entirely outside the scope of the 
book itself and have an extensive literature of their own—the desirability of 
including it in this place may bo questioned. The printing, binding and 
general set-up of the book are worthy of tho very high reputation of the 
publishers in these matters. 

H. J. T. E. 


Electronic Theory of Chemistry. An Introductory Account. 

By R. F. Htotbk, D.Sc., Ph.D., D.I.C., A.R.C.S. [Pp. vi -f- 126.] 
(London ; Edward Arnold & Co., 1934. 8s. 6d. net.) 

This book contains In extended form the substance of a course of lectures 
delivered by the author at the Muslim University, Aligarh. The first seven 
chapters are devoted to a general account of the modem electronic theory of 
valency, followed by five chapters describing the application of this theory to 
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the interpretation of various phenomena of organic chemistry. In the opening 
section the general development of the subject largely follows that of Sidg- 
wiok*s classical work. The treatment is naturally compressed as the whole 
book only occupies 126 pages, but a fair idea of the essentials is conveyed. 
Some repetition could have been avoided ; thus, the last paragraph of p. 17 
(continued on p. 18) is repeated almost exactly on p. 41. The space saved 
could have been devoted to a more detailed treatment of co-ordination, 
association and solvation, for Chaps. Ill and IV are somewhat hurried. 

The chief criticism must, however, be directed against the chapters dealing 
with the application of the electronic theory to organic chemistry. It was to 
be hoped that any text-book for post-graduate studefits on this subject 
(particularly one with the title adopted by the author) would contain a broad 
general discussion of the mechanism of simple organic reactions. The author 
has preffwed to plunge in mediae ree into the comparatively complicated 
subjtKJt of aromatic substitution. Moreover, ho has confined his attention 
largely to the work of one school, without a balanced discussion of the develop¬ 
ment of the various topics or of the views of the various authorities. Thus 
it is sometliing of a shock to find that the chapter on the “ Theory of 
Tautomorism ” contains no mention of the developments due to Lapworth, 
Wifllicenus and Lowry. As against this, some of the theoretical matter 
which is included is speculative and little indication is given that, as a lead¬ 
ing authority has recently said, “ Our theories are still only ‘ roughly 
qualitative.’ ” 

R. P. L. 


Soil Analysis. A Handbook of Physical and Chenaioal Methods. 

By C. Haroli> Wright, M.A., F.l.C. fPp. viii -|- 236, with 6 figures.] 
(London : Thomas Murby & Co. ; New York : D. van Nostrand Co,, 
Inc., 1934. 12tf. 6d, net.) 

Thrrb is a great deal more involved in compiling a handbook of soil analysis 
than might at first sight appear. That is due to the fiict that witii a rapidly 
developing knowledge of the constitution of the soil now methods ar<^ continu¬ 
ally he'mg suggested and comparatively few of the present mc^thods have stood 
the test of any long period of time. It is therefore all the more necessary that 
the methods which are advocated with responsibility and tlie methods which 
are finding increasing favour should bo oollect>ed together with full working 
details from the diffuse literature of the subject. 

Mr. Wright lias collected these methods together with discrimination and 
produced a compilation which will be very usefhl in our soil laboratories. 

One caimot help thinking that more might have been B4iid about qualitative 
tests and about the lime requirement methods, which although arbitrary have 
played, and for some time will continue to play, a very useful part both in the 
development of our conception of soil constitution and in our service to the 
husbandman. 

It is perhaps unavoidable that such a book, which is intended mainly as a 
laboratory handbook, should be categorical, but one would like to see in future 
editions an expansion of the introduction and a fuller discussion on the sam¬ 
pling of soils. It would add value to the book too, if more could be included 
about the historical developments of soil analysis. Particularly is this so in 
connection with mechanical analysis, since for some time to come we shall 
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have to deal with mechanical analyses made by older methods and some know* 
ledge of their meaning and degree of reliability is desirable. These are sug¬ 
gestions rather than criticisms, for Mr. Wright has given us a compilation for 
which we are very grateful. 

N. M. C. 

The Natixral Organic Tannine. History: Chemistry : Distri-- 
button. By M. Nierenbtein, D.Sc. [Pp. viii -i 319.] (Iw.ondon: 
J. & A. Churchill, Ltd., 1934. 2U. net.) 

Or nil the natural products of commercial importance the taimins have, 
perhaps, made the smallest appeal to the organic chemist and it is to be hoped 
that the appearance of this book will stimulate interest in a subject in which 
there is much work to be done. After giving an account of the characteristics 
and classification of the tannins, illuminated with considerable historic lore, 
the early history of Cutch is described followed by a study of oattH-hin. The 
structure of this compound has long been a matter of acute controversy and it 
would be impertinent for anyone who has not worked in this field to decide 
between the protagonists, so all the reviewer feels competent to do is to con¬ 
gratulate the author on the fairness with which he has put his own ce^e and 
that of Freiidenberg. The hydrolysable tannins are fully dealt with and there 
follows a chapter on the unclassified tannins about which so little is known. 
Finally there is a useful chapter on the Botany of the tannins by Dr. Skene. 

The book is clearly written and very thoroughly documented, indeed the 
footnotes and references are so muncrous as to make reading somewhat diffi¬ 
cult at times. There is much historical infonimtioii dating back to classical 
times which, though it may not appeal to the technician, adds interest for the 
scholar. The excellent subject index, author index and plant index add 
considerably to the value of the book. 

O. L. B. 

An Introduction to Practical Organic Cbemiatry. By W. A. 

Waters, M.A., Ph.D. [Pp. vii -f 92, with 19 figures.] (London •* 
Edward Arnold & Co., 1934. 38. 6d.) 

This unassuming work is a useful addition to the number of existing text¬ 
books of Practical Organic Chemistry. It is designed sjKKjifically for the use 
of B.Sc. Students who are taking chemistry as a subsidiary subject to other 
sciences, and for others who have a limited time available for practical work. 
The author has obviously given careful consideration to their special require¬ 
ments and the book should be very valuable for its purpose. 

The book is divided into throe parts. The first deals essentially with the 
purification of organic corapotmds, the second with their reactions and the 
third with their identification. The writing is clear and careful attention has 
been paid to experimental details. The general plan of Part II, in which a 
considerable number of small-scale experiments are described, is particularly 
good. On the other haztd the necessity for a number of special exercises in 
purification (Part 1) is less certain. If a few suitably selected preparations 
(such as that of acetanilide from benxene) are carried out thoroughly, the 
student takes the major operations of ptirification and the determination of 
physical constants in his stride. 

The author states that the book should be used in conjunotkin with a 
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theoretioal text-book, but even so it is to be regretted that no equations at 
ali are given in a book intendod for elementary work. 

The detail throughout is accurate, but the following minor criticisms may 
be made. In the cilagram on p. 29, the attachment of the melting point tube 
is incorrect. The sentence (p. 22) “In general an impure substance has a 
lower melting-point than a pure chemical compound “ is rather loose. The 
design of the dropping-funnel in Fig. 19, p. 58, could be improved. Indigo 
should not bo dyed on wool from a bath containing free caustic soda in the 
manner suggested (p. 63). Many of the molting and boiling points in Part III 
are lower than those recorded for the purest samples. 

The diagrams and general printing are good, especially in view of the low 
price of tho book. 

R. P. L. 

An Introduction to the Biochemistry of Nitrogen Conservation. 

By Gilbert J. Fowler, D.Sc., F.l.C. (Pp. viii f 280, with 6 plates, 
13 figures and a folding diagram.] (London : Edward Arnold & Co., 
1934. 12s. 6d. net.) 

The possibilities of averting tho great waste of nitrogen which has accom¬ 
panied our advancing urbanization has intrigued tho imagination of siiientist 
and layman alike for a century or more. Tho fluidity of the atmosphere 
makes the conservation of excreted carbon from human lungs a matter in 
which Nature can continue to have her own way, but the disposal of nitro¬ 
genous excreta through necessarily localised sewage operations is a definite 
problem for human ingenuity. 

Dr. Fowler has taken a very considerable part in tho attempts to deal with 
this problem and he writes with authority. In this book he gives an account 
of the biochemical principles that have boon invoked in negotiating tho 
problem and he also gives, without a surfeit of technical detail, descriptions 
of the chief processes in operation. 

The author “ begins at the beginning “ as wo say. Anyone with a working 
knowledge of a chemical formula can be put in possession of a knowledge of the 
present position of tho nitrogen conservation problem by this very readable 
book. Indeed, one is almost tempted to think the early chapters are a little 
too elementary, but that is cm error, if error it bo, on the safe side. 

The book is based on lectures delivered in India but it is by no means 
restricted to Indian problems. It presents a conspectus of the nitrogen cycle 
in nature, with the problems that the intrusion of civilisation has incurred, in 
a way that should be appreciated by every class of reader. 

N. M. C. 

A Manual of Biochemistry. By J.F. McClendon, Professor of Physio¬ 
logical Chemistry, University of Minnesota Medical School. [Pp. viii -f- 
381, with 68 figures.] (New York : John Wiley & Sons, Inc. ; London : 
Chapman & Hall, Ltd., 1934. 31s. net.) 

This book consists of six sections of which tho first, entitled Introduction 
(67 pages), gives a general survey of the subject and includes a brief deacrip* 
tion of the more physical-chemical aspects of biochemistry. The vitami^ 
appear in this section somewhat unexpectedly on p. 8. The second section 
gives a rather extensive survey in about 68 pages of the rdle of various 
elements and inorganic compounds in plant and animal biochemistry. In 
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section III (147 pages) vajrious organic substanoos including the simpler 
compounds met with in biochemistry as well as the more complex natural 
products such as the carbohydrates, fats and proteins are described, whilst 
the next section, of 23 pages, headed Physiological Summary gives an account 
of various foodstuffs followed by a discussion on the successive stages of 
digestion and some remarks on a number of other metabolic processes. A 
large assortment of practical experiments are described in section V, 
whilst section VI consists of a list of 1,000 compounds, giving molejcular 
weight, ra.p. or b.p., density, crystal form or colour, solubility and a brief 
statement of any important physiological action. Curiously enough the 
formulae of those compounds arc not given. Though this book contains a 
large assortment of facts, some of which are curious and interesting and not 
generally known, it cannot bo recommended for the use of students. It is not 
well written, the arrangement is illogical and disconcerting, whilst many of the 
statements are ambiguous and misleading. Thus we are told that “ Ethyl 
alcohol is produced in muscular contraction ** (p. 132), and that “ ascorbic 
acid is one of the fatty acids (p. 4). Tliere is a curioias mixture of very new 
with quite out-of-dat^ information. Home of the juxtapositions produce a 
decidedly humorous effect. For example, in section II under a discussion of 
potassium salts it is stated that “ Potassium salts added to water aid in 
putting out oil fires. There is enough of the element in sea water for this 
purpose,” whilst ” Chlorate in certain solutions liberates chlorine. It should 
be emphasised that free chlorine does not cure influenza nor the epider- 
mophyton infection known as athlete’s foot ” (p. 79). With all its faults os a 
manual of biochemistry the volume may be recommended to chemists with a 
sense of humour and time to spare. 

W. O. K. 

Thorpe’s Diotionsiry of Applied Chemistry. Supplement: Vol. I. 

A-M. By JocKLYN Field Thorpe, C.B.E., D.Sc., F.R.8., and lij[. A. 

Whiteley, O.B.E., D.Sc., assisted by eminent contributors. [Pp. 

xxii -f 680, with illustrations.] (London : Longmans, Green A Co., 

1934. 60s. net.) 

The appearance of this volume affords a measure of the very remarkable 
advance in applied chemistry during the thirteen years that have elapsed 
since the publication of the first volume of the latest edition of the main 
work. Apparently it is going to take between twelve and fourteen hundred 
pages to summarise the progress during this comparatively brief period. 

As the authors explain in the preface, the policy adopted in bringing 
the Dictionary up to date has been to issue two supplementary volumes 
dealing with those sections in the original work in which the greatest and 
most striking advfmces had been made, and to concentrate on monographs 
written by experts whilst retaining the various items in the existing Dictionary 
and recording any new knowledge concerning them. This task has been 
effectively carried out, the monographs summarise excellently the recent 
advances in the various subjects and their distinguished writers are a guarantee 
of their value. To mention but a few names in an impressive list of 120 
contributors, E. F. Armstrong writes on carbohydrates, enzymes and gluoo* 
sides, G. Barger and F. L. Pirraan on alkaloids, W. A. Bone on coke manu* 
facture and fuel, Sir Daniel Hall on cereals and grassland, A. Barden on 
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fermentation, T. P. Hilditch on catalysis in industrial chemistry, E. K* 
Rideal on diainfeotants and L. J. Spencer on minerals. At the same time 
the shorter articles are full of useful information and the supplement is worthy 
of its progenitor* It is difficult to find any important topic missing, but 
some of the modem solvents are not yet mentioned, for example, dioxan 
and various furfural derivatives, but perhaps these will appear in the second 
volume tmdor solvents. 

Thorpe’s Dictionary must surely be in every University, Work’s or 
Consultant’s chemical library and the supplement will be no luxury but a 
necessity. 

O. L. B. 


The Principles of Motor Fuel Preparation and Application. 

Vol. I. By A. W. Nash, M.Sc., and D. A. Howks, B.Sc., Ph.D. 
fPp. 638, with 126 figures, including 9 plates.] (London : Chapman 
& Hall, Ltd., 1934. 30/f. net.) 

On the morning this review was penned the nows was broadcast that Mel¬ 
bourne hod Ix^en brought within sevonty-one hours’ flight from Mildonhall. 
Wliat further testimony is needed to our subject and to its bearing on the 
Sfuenco Progress of our generation ? To Kipling’s famous dictum “ Civilisa¬ 
tion is Transportation ” wo of the oil ago may add “ Transportation is Motor 
Fuel ” without disrespect to the future of gas and electricity in their respec¬ 
tive spheres. In view therefore of the importance of the subjcjct we welcome 
the appearance of what is imdoubtedly the biggest, best and most up-to- 
date book on motor fuel. It should be mentioniHl that only the volatile 
motor fuels are included in Vol. I. Diesel oil, which many regard as the 
principal motor fuel of the near future, has wisely been reservotl for a succeed¬ 
ing volume. 

An examination of the table of contents at once impresses one with the 
remarkable completeness and efficiency with which the various sections have 
boon compiled. Petrol aa the chief motor fuel naturally takes pride of place 
and the methods employed in its manufacture from petroleum occupy the 
first half of the book. Tlie section dealing with refining methods deserves 
particular commendation for it clearly indicates the intimate knowledge of 
current refinery practice which the authors possess. The merits of a petrol 
are defined by three factors, its volatility, its stability, and its anti-knock 
value, and an admirable account is given of the means whereby these qualities 
are conferred and controlled. 

The alternative motor fuels are dealt with equally thoroughly. The 
potentialities of ethyl alcohol (whetlior produced by fermentation or by 
hydration of ethylene) and of methanol in admixture with petrol have 
attracted much attention in recent years, often, it is to be feared, without 
unbiased recognition of the demerits as well as the merits of such blends. 
Neither in this coimtry nor in America is there much prospect of the wide 
use of alcohol as a motor fuel, but on the Continent and in certain of the 
Dominions this homo-produced material has attained some importance, so 
that the section on alcohol fuels will be of exceptional interest to some readoars. 

To this country on the other hand the production of petrol from coal 
either by distillation or by hydrogenation is of both topical interest and 
potential importance. Carbonisation methods rather surprisingly receive a 
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mimmum of comment, possibly because there are other books wliich deal 
with the subject in extenso, but the account given of the hydrogenation 
processes developed by the I.Q., Standard Oil, and Imperial Chemical 
Industries bears the hall-mark of first-hand knowledge. 

Other sources of motor spirit, relatively small but locally important, 
such as oil shale and natural gas receive adequate attention, and there is an 
excellent review of the chemical potentialities of the hydrocarbon gases 
which are at present an embarrassment to the oil producer and the oil refiner. 

The bibliography, indexes and illustrations are on the same high stan¬ 
dard as the text, and the book can be unreservedly recommended as the 
best of its class yot produced. 

F. B. Tholk. 


Alloys of Iron and Tungsten. By J. L. Ckkog. (Pp. xii 511, with 
184 figures.] (New York and London : McGraw-Hill Book Co., Inc., 
1934. 36«. net.) 

The volume under review is the third volume of the Alloys of Iron Research 
Monograph Series prepared at Battello Memorial Institute, U.S.A., as a part 
of the Institute’s contribution to Alloys of Irtm Research, and is released 
by the United Engineering Trustees, Inc., for the Engineering Foundation. 

It is claimed for these single volume monographs that they present a 
concise but comprehonsivo critical summary of information on the ferrous 
alloys, thus providing a reliable foundation for future research, and furnish 
the practical metalhirgist, steel worker, foundryman, and engineer with the 
essential information scattered tlu*augh more than two thousand different 
journals and text books throughout the world. 

One gathers that through the courtesy of both American and foreign 
metallurgists it hfis been possible to obtain from specialists much impublished 
information and detailed opinions regarding conflicting data; also,' that 
each monograph to date has been subjected to the criticism of experts, 
and has, moreover, been reviewed and approved for publication by a com¬ 
mittee comprised of representatives of metallurgical, engineering, and allied 
societies. 

The author is to bo congratulated on having compiled this particular 
monograph in a pleasing and well-ordercfi manner. One can affirm, with 
confidence, that no other published work on the subject of the iron-tungsten 
alloys is cither as up-to-date or os informative as the present volume. The 
results of a number of researches published os recently as last year are 
included in the text. 

A large section of the book is devoted to the constitution of the iron- 
tungsten and iron-tungston-oarbon alloys. The manufacture, characteristics 
and mechanical proi>erties of tungsten steels, including the one-time popular 
magnet steels, claims anothei large section. Tool and die steels, and the 
development and nature of liigh-speed steels, including the cutting and other 
properties of the latter, also claims a furthc3r large section. A smaller section 
serves for a description of the miscellaneous alloys containing tungsten, and 
the constitution and properties of these alloys. The concluding pages of 
the volume are reserved, in part, for a very comprehensive bibliography of 
published information relating to tungsten and tungsten alloys, covering 
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the yeajTH 1860-1933. This bibliography alone, apart from the excellence 
of the monograph itself, makes this volume a most valuable book of reference. 
A name and a subject index, the latter of 17 pages, finishes off a splendid 
contribution to the literature of the ferrous alloys. 

W. L. 


Industrial Furnaces. Vol. I. By W. Tkinks. Third edition. [Pp. 

X 456, with 359 figures.] (New York : John Wiley & Sons, Inc. ; 

London : Chapman & Hall, Ltd., 1934. 37s, 6d. not.) 

Ftjrnack technique becomf^s of groat importance when we remember that 
almf)st every article of daily use imdorgo(« some form of It eating process in 
the course of manufacture. The object of the furnace is to carry out the 
heating process in as efficient a manner as possible. This implies efficient 
utilisation of the fuel. Much has boon heard in recent years of fuel cjconomy 
from a national viewpoint, but to the user a more convincing appeal for fuel 
economy is likely to bo the great increase in the cost of all fuels since the 
War. 

Development in the field of fuel technology has been rapid in this period 
—so mu(?li 80 that precise combustion conditions for any fuel can now be 
specified. The method of introducing the fuel into the combustion chamber 
varies with tho nature of the fuel, but in no case should the moclianical 
equipment employed be described as a burner. Tho fuel is bumtMl in the 
furnace combustion chamber. An oil burner, for example, may function 
perfectly in atomising the oil and dispersing it uniformly throughout the 
combustion chamber, but, if this latter is wrongly designed, efficient com¬ 
bustion becomes an impossibility. 

The policy in the post was to leave the <lesign of furnaces to tho foreman 
bricklayer. With cheap fuel, low temperature combustion and simple 
furnace design, ho was able to justify the confidence placed in him. But 
when fuel economy, and, therefore, high temperature combustion, becomes 
a necessity, furnace design ceases to be empirical and becomes a science, 

A scKJond factor that will influence fiimaco design, but one that we need 
not pursue further here, is the great increase in the cost of labour in the 
post-war years. 

We welcome this new edition of Professor Trinks’ book on industrial 
furnaces (Vol. I). When first published in 1923, it was the first of its kind 
in English where an attempt was made to design a furnace rather than to 
describe it. For lack of exijcrimontal data—although a notable contribution 
to the subject—it left much to be desired. In the present, completely revised 
and rewritten volume, the author is able to remedy the deficiencies of the 
earlier work. The book contains a good index. 

There is one comment we should like to make with special reference to 
future editions of this work. Furnace design calculations are generally 
difficult and lengthy. Grapliioal methods of computation are, therefore, a 
great convenience. This, the author fully appreciates, but the sixe of the 
charts which he presents is too small and seriously restricts their useful¬ 
ness. 

The book needs no introduction to those engineers and metallurgists 
who are engaged in this work. The author has maintained close contact 
with recent developments in his subject, with the result that the present 
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volume is likely to be as great a success in its time as the earlier one was 
when first published. To students of metallurgy and engineering interested 
in the field of fuel technology, we confidently recommend it, even at the 
price of 37«. 6d. 

J. P. M. 

German-English Chemical Terminology. An Introduction to Chem¬ 
istry in English and German. By Alexander Kino, M.Sc., A.K.C.S., 
and Dr. Hans Fromherz. [Pp. xvii -f 324.J (I-iondon: 
Thomas Murby & Co. ; Leipzig : Max Weg, 1934. 12s. 6d. net.) 

This represents an ingenious method of familiarising English-speaking and 
Grerman-speaking chemical students with ont' another’s language ; it consists 
of a general introduction to chemistry ip five parts, elementary, inorganic, 
organic, physical and modem ideas of the structure of matter in English 
and German on opposite pages. The subject matter is very suitable for 
revision reading for honours students and anyone who will conscientiously 
road through the book in the tongue ho wishes to acquire will gain, not only 
in his knowledge of the language, but also in his knowledge of chemistry. 
In this respect the work has groat advantage over similar publications. Tlie 
translation from one language to the other is as literal as possible and it 
is obvious that much care has been taken by th(' authors in framing their 
sentences so that this could be done without too much violence to idiom. 
In addition care has been taken to choose the subject-matter so as to ensure 
the reader acquiring as large a vocabulary as possible of spetnal chemical 
expressions. This is undoubtedly the best book so far produced to give 
students practice in reading the two languages and can bo unreservedly 
recommended. 

O. L. B. 


GEOLOGY 

Geologic Structuree. By Bailey Willis and Robin Willis. Third 
edition, revised. [Pp. xviii -I- 644, with 202 figures, 12 plates and 
frontispiece.] (London: McGraw-Hill Publishing Co., Ltd., 1934. 
24s. net.) 

The second edition of this work, in which Robin Willis was associated in 
authorship with his father Prof. Bailey Willis, the original author, was 
published in 1929. The number of pages has been increased in the present 
edition by 26 and the number of figures by 61. A change has also been mode 
in the order of presentation of the material. The statement of relevant 
mechanical principles now precedes the general descriptive matter, and 
analyses of the stresses and strains involved now follow descriptions of 
each type of structure, such as joints, folds, and faults. Thus the hook is 
not merely a revision of the earlier edition but a complete rearrangement, 
with the addition of much new material. There are chapters on stratified 
rocks, on the structures of igneous rocks and metamorphio rocks, and on 
the physiographic expression of structures. Field methods (with many 
useful hints), grapliic methods (strike, dip, mapping, etc.), and various 
practical problems, form the subjects of tliree further chapters. The book 
ends with a valuable chapter on fundamental facts and concepts in which 
the constitution and forces of the earth, zones of pressure, strength and 
temperature in the outer crust, and isostasy are the topics dealt with. The 
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illustrations are numerous, well-drawn emd well-chosen. The book is made 
available for both elementary and advanced courses by the device of dis¬ 
tinguishing the two grades of material in the list of contents by roman and 
italic type respectively. The book is preustically free from typographic 
errors, and but one error of fact has been noted. Ernst Cloos, the son, is 
confused with Hans Cloos the father, on pp. 242 and 243 and in the index, 
p. 515. It is Hans Cloos who is the originator of “ granite-tectonics.” 

G. W. T. 

An Introduction to Stratigraphy (British Isles). By L. D. Stamp, 
B.A., D.Sc. Second €)dition, revised throughout and enlarged, [Pp. 
xvi 4 381, with 101 figiues.] (London : Thomas Miuby A Co., 1934. 
10 «. not.) 

The first edition of this work, published eleven years ago, was reviewed 
in SciKNCK PROGKESS, April 1924, p. 668. While its length, as measured 
by the ntunbor of pages, has not bc^n increased, yet Dr. Stamp has somehow 
contrived to add seventeen figures to the original numl>er, to incorporate 
the results of much rt^cent work, emd to rewrite some sections of the book. 
We are glad to see that the author^has dropped the use of the term “ lake ” 
in n^ferring to the Old Rod Sandstone basins of deposition ; but he still 
quite unnecessarily correlates different kinds of pf'trographic provinces with 
Atlantic or Pacific types of coast line (p. 10), and still uses the ambiguous 
term ” Proterozoic ” as a synonym for the Older Palajozoie era (p. 27). 
This book maintains its place as the first of a new type of stratigraphical 
textbook, in which the intrinsic interest of the geological story is kept well 
to the fore, the facts are made to flow naturally from a preliminary state¬ 
ment of the geographical, climatic and sedimentation conditions of each 
IKmod, and the erogenic and igneous episodes which punctuate the story 
are given their full weight. 

G. W. T. 

Geologic History at a Glance. Compiled by L. W. Richards and 
G. L. Richards, Jr. [2 plates, with printed matter on covers.] (Stan¬ 
ford University, California; Stanford University Press; London: 
Humphrey Milford, 1934. 3s. 6d. net.) 

This remarkable publication consists of two large plates with some explana¬ 
tory printed matter on the covers and on the plates themselves. Plate 1 
shows panoramic views of both the deep inner and the wide outer vallejrs 
of the Grand Canyon of the Colorado, probably the most complete natural 
section of the geological colunm in the world. The various formations are 
tied to a formal vertical section placed on the left-hand side of the photo- 
graplis, and the latter in turn is connected with a tabular standard geological 
column in which eras, periods, epochs, distribution in North America, bio¬ 
logical events and major physical events are displayed in parallel columns. 
The Kainozoic part of the succession is similarly connected with a Californian 
panorama and section. Plate 2 is similar in construction but differ^t 
panoramas in the Grand Canyon and in California are used, the former 
showing the Archiean foundation in greater detail than in Plate 1. Further¬ 
more the sections are now tied to an ingenious geological column in the 
form of a stepped or recessed skyscraper, in which the volumes of the suooes- 
aive stories, with those of the Archwan foundation and Proterozoic ” beae- 
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meat,” represent the respective percentages of the column occupied by the 
various eras. A good list of selected references for supplementary reading 
is provided. This realistic representation of geological history should be 
of much value to keen new students of the science. 

G. W. T. 


BOTANY 

A Textbook of General Botany for Colleges and Universities. 

By Richakd W. Holman, AssocJato Proft^ssor of Botany in the College 
of Letters and Science of the University of California, and Wilfred 
W. Robbins, Professor of Botany in the College of Agriculture of the 
University of California. Third (Mlition. [Pp. xxii -f 626, with frontis¬ 
piece and 463 figures.] (Now York ; John Wiley & Sons, Inc. ; London ; 
Chapman & Hall, Ltd., 1934. 25«. not.) 

The third edition of a carefully prepared and well-thought-out textbook. 
In considering the anatomy of the? stem secondary thickening is carefully 
worked out and a series of photographs of timbers and diagrams provided 
which should be of much assistance to students in this difficult part of the 
subject. The primary tissues and tissue systems are however given relatively 
little space; phloem fibres are only mentioned and the tr€>atment of cork 
and cork-formation setims inadequate (Fig. 61, p. 87, cork from the stem 
of Aristolochia is misleading). When dealing with the groups the typo 
system has been abandoned and indeed too many examples ore given, for 
example in the portion dealing with fungi several of the excellent illustrations 
are barely mentioned in the text and there is too much repetition, e.fir. three 
figures of puffballs. In the description of Solaginella no mention is made 
of the ligule, a characteristic structvu'c hero, which is figured only in the 
embryo. 

The tendencies in the evolution of insect pollinated flowers are considered 
towards the end of the book, but strangely enough no descriptions arc, given 
of the families referred to. The lK>ok is, within the limitations mentioned, 
a good general introduction to the subject. It is well illustrated and printed. 

E. M. C. 


Researches on Fungi. Vol. VI. By A. H. Reginald Buller, D.8c., 
Ph.D., F.R.S., Professor of Botany at the University of Manitoba. 
[Pp. xii 4 613, with 231 figures.] (London, New York, Toronto : 
Longmans, Green & Co., 1934. net.) 

This latest volume of Prof. Buller’s begins with a summary of work on the 
biology of Piloboltts^ Its parasites, the secretion from the subsporangial 
swelling, the projection of the sporangium, its method of attachment on 
coming to rest and more especially the ocellar fimction and the reaction 
to the stimulus of light, especially from two sources, are all considered. 
Mr, W. B. Grove has contributed a chapter on the systematica of the group 
including a new species first described by Prof. Buller. 

Tlie next part is concerned with the production and liberation of spores 
in the discOmyoetes. The first oliapter which describes puffing generally 
and that of Sarcoecypha protra^Aa in particular is in many ways the most 
important in the book. The observations of Ziogenspeck, who shoived that 
just before bursting the aaous tips showed signs of strain, are of great interest. 
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Th© whole problem is probably to be solved only by a consideration of the 
fruit body as a whole and not merely by a study of the ascus or of the 
hymenium, while the action of certain poisonous substances in causing the 
asci to open does not necessarily have any bearing on the phenomenon in 
nature. 

Saroosoypha has an apothecium of campanulate form. The paraphyses 
act as spacers so tliat each ascus is aUowed to discharge its spores unimpeded 
by adjoining asci. The asci when ripe stand out slightly above the hymenial 
surfac;o and the future opening (ascostomes) are directed vertically upwards 
so that, when the asci do open, the sjxjres are shot vertically upwards and 
continue straight up for some distance after wliich they scatter. By means 
of a simple and very ingenious pitxje of apparatus it is shown that the puffing 
produces a blast of air which acts as an agent in carrying the mass of spores 
vertically upwards bt^f(jr<^ they separate. In general the phenomenon of 
puffing probably causes the spores to attain a greater height above the 
hymenium than would the opening of individual asci at different times. 
In other Aseomyoetes, e.g. Ascobolus and Lachnea, the asci ciu^e helio- 
tropioally towards the 8ou^c(^ of light, while in A^euna (Peziza) vesiculosa 
and Oalactinia badia tlie paraphyses emve heliotropically long before the 
asci mature. 

Most of the rooting-bases (pseudorhiz®) of fungi would seem to bo annual 
structures. The growth and behaviour of these in some fungi have been 
investigated and a more detailed dost^ription given of the jx^rennial rooting 
bases of Collybia fuatpes^ which in time may grow to form a structure 
resembling a solerotium in appearance. Strangely enough Sarcoscypha 
protmeta forms a similar perennial pseudorhiza. 

The last portion of this interesting work describes the structure, biology 
and dispersal of the gemrnifers of Omphalia flavida, which are regarded as 
highly specialised sporophores and institutes a comparison between these 
and the biologically similar structures of Sclerotium coffeicola. 

E. M. C. 


Plant ChimaBraa and Graft Hybrids. By Professor W. Neilson 
Jones. [Pp. viii -f 136, with 21 figures.] (London : Methuen & Co., 
Ltd., 1934. 3s. Od. net.) 

Prof. Neiiron Jones has here given us an admirable and very readable 
account of these interesting plants, which have as it were a dual personality, 
consisting as they do of two or more components which differ in thoir genetical 
constitution. 

The origin of ohimsBras by artificial grafting or by natural somatic segre¬ 
gation is disousaed, togetliar with the possible role played by hybridisation in 
their production. 

The author describes a number of examples illustrating the great diversity 
of chimeeral structure, and emphasises the fret|uent sterility, partial or 
complete, that accompanies this condition. 

The familiar Cytisus Adami has aroused the curiosity of botanists and 
laymen alike and the present account sliould have a wide appeal. 

A very useful feature is tlie documentation of the text with references to 
the bibliography of over 140 titles. 


E. J. Sauqsbury. 
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Mikroskopische Toclmik. By Hbinz Graupkee. TaBchcnbuoh der 
biologischen Untepsuchiingsmefchodon 1. [Pp* vii 4-167, with 31 
figures.] (Leipzig: Akademische Verlagsgosollschaft m.b.H., 1934. 
Paper covers, RM.5.20; stiff board, IIM.6.80.) 

The first part of the book deals with general microscopical tc^chnique and 
includes the treatment of living material, the fixation and manipulation of 
fixed material (staining, total pi'eparationa, sectioning, etc.), ns well os sections 
on the microtome, the microscope and its accessories. 

A second section is devoted to special techniques, and deals first with 
cytological, then histological methods. A few pages are given to bacterio¬ 
logical and protozoological methods, while space is found for descriptions of 
the fluorescent and polarising microscopes. Micrometry and graphic recon¬ 
structions are also dealt with. 

The third section is chiefly an alphabetical list of apparatus, chemicals 
and formula). 

Despite the book's small size—and the volume really is a pocket book— 
the author covers a wide field in a thorough manner : he is at all times concise, 
and this tends to enlianc e rather than to detract from the value of a book of 
this nature. 

F. W. J. 


ZOOLOGY 

Cellular Beapiration. By N. U. Meldrtjm, M.A., Ph.D. Methuen’s 
Monographs on Biological Subjects. [Pp. xi 4- 110> with 17 figures.] 
(London : Methuen Sc Co., Ltd., 1934. 3s. 6d. net.) 

For the general biologist, few things have been more perplexing than the 
advances in the study of cellular respiration which have been made in recent 
years. Since the early work of Warburg, a succession of important discoveries 
has been made. The importance of eacli new system, glutathione,* cyto¬ 
chrome, or the oxidation-reduction state of the cell, has been immediately 
obvious, but continued investigation has always shown that these systems 
are far more complicated than they at first ap]:>eared, and that their 
relationship with each other is obscure. For this reason, this little book is of 
quite imusual value for its size. The author, as he himself points out, has 
presented the data in a somewhat didactic marmer, wliich however is exactly 
the manner required. In little more than a hundred pages he outlines the 
main features of the various Cellular respiratory systems which have been 
analysed. He omits all reference to oxidation-reduction potential work, for, 
as he points out, there is still far too great a disagreement as to the inteipreta- 
tion to be placed upon this to allow one to relate it to other fields. 

In the introduction, a general definition of cellular respiration is given. 
Tlie second chapter deals with dehydrogenase systems, the third with the 
action and nature of the Atmungsferment of Warburg, the fourth with 
oxidases, peroxidases and catalases, the fifth with the cytochrome system, and 
the sixth with the glutathione system. The relation of each chapter to the 
others is hilly considered, and there is an excellent bibliography given after 
each section. Reading this book makes one realise how great a calamity was 
the untimely death of the author. 


C. F. A. P. 
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InMOt Physiology. By V. B. Wioolkswobth, M.A., M.D., Lecturer 
and Milner Research Fellow in Medical Entomology, London School of 
Hygiene and Tropical Medicine. Methuen’s Monographs on Biological 
Subjects. [Pp. X + 134, with 13 tiguros.] (London ; Methuen & Co., 
Ltd., 1934, 3«. dd. net.) 

An examination of earlier works, such as Marchal’s “ Physiologie des Insectes ” 
in Richet’s Dictionnaire de Physiologie and a coinparisoii with the work iinder 
review, will reveal a considerable change in outlook on insect physiology and, 
as the author points out, this is due largely to the demands made by the 
Economic Entomologist for information on many points connected with the 
physiology of insects. 

This little book reveals the author’s excellent qualihcationa for writing a 
thesis upon this subject which is still, on very many points, in an early stage 
of development, and I have been, struck, in tlie first nine chapters, by the 
fairness with which alternative^ possible explanations have hoen put forward. 
In the t€mth chapter, however, I feel that there is a cleverly constructed 
vicious circle, first to make the last moult of the exopterygoto insect homo¬ 
logous with true metamorphosis of the endopterygoto and then to uphold the 
view tliat moulting and metamorphosis are of the same order of phenomena. 
To my mind the author slurs over the importance of the larval, as opposed to 
imaginal tissue, by arguing that even in the extreme case of the Diptera 
many larval organs (Malpighian tubes, certain muscle groups) are remodelled 
without much change to form those of the adult ” (p. 92), and then he arrives 
at what he has not really shown, and what to my mind is not true, “ Thus, 
physiologically, metamorphosis differs from mo\iltiug only in degree.” I 
regard the larva as on interpolation in the life-history of the primitive insect 
whose existence in the holometabolous forms is cut down to the final two 
stages (the nymph or pupa and the imago), and there is as much groimd for 
this view 08 for that supported by the author. In this chapter also there is 
a tendency to be rather free with the use of hormones which, nowadays, are 
always being introduced to cover up absence of knowledge in various branches 
of biology. 

Frank Balfour-Brownk. 


The Locust Outbreak iu Africa and Western Asia in 1933. 

Survey prepared by B. P. Uvakov. Economic Advisory Council 

Committee on Locust Control. [Pp. 66, with 9 maps.] (London: 

H.M. Stationery Ofiioe, 1934. 2s. net.) 

This report gathers together further information as to the locust outbreak 
which has now lasted nine years. Three species of locust have been involved 
and some areas in East Africa have experienced attacks by all three in 
succession. Sometimes the locusts even affect one another, as when the 
swarms of the Red Locust help to maintain the Tropical Migratory Locust 
in the swarming phase when the numbers of the latter species are falling off 
and it might be expected to revert to the solitary phase. 

Although it can be understood how such swarms should multiply when 
once a certain point has been reached, it is still a mystery what starts them 
up at the beginning of a major outbreak. Certain regularities in the phe* 
nomenon are, however, beginning to appear. The swarming seems to begin 
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with the species (Desert Locust) which breeds furthest north, and the ten¬ 
dency passes southwcurds. What it is (e*g, whether it is peciiliar climatic 
conditions) that passes down Africa from north to south is not yet under¬ 
stood, but this movement, which seems to have characterised previous out¬ 
breaks, suggests at least that the initiation of swarming is a process common 
to all locusts and is not something different for each species. 

The new facts recorded in the present report largely fill in the details 
of the scheme which hew already been outlined in previous reports. The 
habits of the Desert Locust, in particular, are beginning to be well under¬ 
stood. Certain areas in the hinterland of tropical West Africa are still very 
insufficiently explored, and the need for retH>imais8ance in them is becoming 
greater as observations elsewhere become more complete. 

The survey of locust-literature, which has formed a useful feature of 
previoias reports, is brought up to date. 

O. W. Kichakds. 


Economic Advisory Council. Committee on Locust Control. Sixth 
Report. [Pp. 66.] (London : H.M. Stationery Office, 1934. 1«. net.) 

Thk present report deals with the advances made in the study of the Locust- 
problem in Africa from 1931 onwards. Since that date the number of investi¬ 
gators has considerably increased and cert ain important points in Locust- 
biology have been establislied. The Desert Locust (Schistocerca gregaria) has 
been shown, in each part of its range, to have two breading-Bitas, between 
which it migrates. Thus it breeds just south of the Salmra and, migrating 
across it in the winter, breeds again in N. Africa in the spring. The young 
travel south again to complete the cycle. In the Tropical Migratory Locust 
(Loeueta migtaioria migratorioides), the migrations are not along such definite 
lines, but it has at least been proved that the recent catastrophic outbreak 
originated entirely from swarms in a single area in French Sudan. The same 
spreeul from a single centre has been established for the Rod Locust {Nomad- 
aerie eeptemfosciaUt), 

Now that these facts are established, it is possible seriously to consider 
methods of control. The early stages of experiments in employing aircraft 
for the destruction of flying swarms are dfsscribod. This work hajB not yet 
progressed sufficiently for for any oonclusions as to its value to be drawn, but 
there appears no reason why the method should not be very valuable under 
certain circumstances. The ideal method of control is to destroy the swarms 
in their early stage, before they have begun to spread. This will probably 
soon be possible on a large scale, but meanwhile some of the breeding-places 
are very inaccessible or are in difficult country, so that it may be necessary 
for some time to attack swarms after they have got on the move. 

Further important observations and experiments are mentioned in connec¬ 
tion with the number of locust-generations in a year and with the physical 
factors influencing this number. It is probable that in this direction, too, 
important results will emerge, particularly in the question of prediction. 

The report fully vindicates the view that locust-investigations must be 
international if they are to meet with much success. 


O. W. Riohabus. 
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Th» Anatomy of tha Salamandar. By Eaio T. B* FRANoia, B.Sc. 
Lond., Ph.D. Reading. With an liistorical introduction by Profs!8SOB 
F. J. CoLB, D.So., F.R.S. [Pp. xxxi +381, with frontispiece, 25 plates 
and 3 figures.] (Oxford : at the Clarendon Press ; London : Humphrey 
Milford, 1934. 26s. not.) 

A MONOGRAPH on tho morphology of a tailed amphibian comparable to the 
classical work of Ecker and Oaupp on the Frog has long been needed, and this 
book fills a real gap in zoological literature. As the Salamander is the form 
usually dissected in zoologi(jal laboratories as an example of the XJrodela it is 
somewhat surprising that up to now no adequate account of its anatomy has 
been available. But if zoologists have had to wait a long time for someone 
tc) undertake the task of providing one this has now been admirably done 
by Dr. Francis in the volume under review. 

Tho anatomy of the animal is exhaustively described and very completely 
illustrated by offtHjtive black and wliite drawings from original disseotions. 
Wo are glad that the author has made his book something more than a mere 
colourless description of anatomy, which however well done is bound to be 
somewhat uninspiring. He brings to bear on his subject a thorough acquaint¬ 
ance with the widely scattered literature and a sound knowledge of compara¬ 
tive vertebrate morphology. The result is an enoyclopcedic and scholarly 
treatment, taking full account of the results and conclusions of previous 
workers, which are critically described and discussed where noct^sary. 
Though the standpoint, as it obviously must be in any such work, is primarily 
morphological, the author does not forge^t (as morphologists are sometimes 
accused of doing) that form and function are complementary, and we notice 
with satisfaction useful accounts of such thiitgs as the separation of arterial 
and venous blood, of the mechanism of respiration and tho protrusion of tho 
tongue in feeding, as well as of more purely anatomical matters. With regard 
to the first named wo note that tho importemee of the septum bulbi in effecting 
such imperfect separation as occurs has apparently been much exaggerato<l in 
Amphibia. 

In tho cosc^ of nerves and muscles, and whore necessary other structures, 
a full synonymy of tho terms used by different authors is provided and this 
should be a boon to future research workers. 

There is on introductory historical chapter by Prof. Cole and a bibliography 
of 840 entries. At the end of each chapter a list of the numbers of all the 
relevant items in the bibliography is given. It would have been an even 
better plan if the bibliography itself could have been divided into scjctiona 
corresponding to the chapters, but this is a comparatively minor point. The 
book fulfils its puriK>se admirably and tho printing and general get-up are of 
tho high standard wliioh is expected of the Clarendon IVess. 

B. W. Tuokbr. 


MEDICINE 

Practioal Bacteriology : An Introductory Coutbo for Students of 
Agriculture. By Andkbw Cunningham, D.Hc. Second edition— 
Revised and enlarged. [Pp, viii + 208, with 20 figures,] (London and 
Edinburgh ; Oliver A Boyd, Ltd., 1934. 7s. 6d. net.) 

piis book is an example of the unusual event of a second edition being notably 
inferior to the first, althoui^ the plans of both editions are similar, and in bulk 
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the second does not greatly exceed the first. If the first edition had been 
brought up to date in a few places the result would have been excellent. 
Much of the new edition is specialised and beyond the scope of a true intro¬ 
ductory course ; seemingly it would have been better to attempt less and 
teach more ; some of the exercises partake of the nature of rtKnpi^. Principles 
are often (though not always) submerged benoatli detail which to the student 
must appear confusing for lack of sufficient guidance. 

Wliere the book is unpretentious, as in the section on >)acteriology of 
animal diseases, it is very good indeed. In many places, liowcvor, the simple 
has been dropped (as, for example, the instructive section on “ Giant 
Colonies **) and what has been put in lias not always been a gain. The 
determination of thermal death >j>oint.s of bacteria is to lx* performed by a 
cumbersome method which would take several weeks, if not an entire term, 
even if the culture to be tested wore to remam imchanged during that time. 
A teclinique wliich demands sterile apparatus for sampling soil is over- 
refined for the purpose of mere enumeration of micro-organisms ; one is 
diieoted to empty tlie soil sample on to a piece of sterile paj>er, pick out the 
stones with sterile forceps, and mix the sample by means of a sterile (sect. Su) 
metal spatula. This cross-referencing would be splendid if it were consistent, 
but it is not. Once more, le mieux a ete Vennemi du bien. 

H. N. 

Mental Defect. By Lionel S. Pknrosk, M.A., M.D. [Pp, xii f 183, 
with 5 plates and 2 figures.] (London : Sidgwick & Jackson, Ltd.» 
1933. 8«. (ki, not.) 

This book is intended for the use of medical or lay persons who desire to 
obtain information on some of the scientific problems associatcxl with the study 
of mental deficiency. It is the first of a series of Text Books of Social Biology 
edited by Prof. Lancelot Hogben. The author's special qualifications for this 
kind of work are well known and his already considerable reputation will be 
enhanced by the issue of this volume. 

Dr. Penrose is the Research Medical Officer of the Royal Bastem Counties 
Institution for Mental Defectives. In that capacity he has had considerable 
experience in the administration of the Mental Deficiency Acts and the treat¬ 
ment of patients thereimder : he has also investigated the condition and 
history of some 613 defectives maintained in the Institution and this book 
records his experience in that work and the views he has formed as a result. 

Wliile the investigation of 613 cases is a formidable task it must be recog¬ 
nised that such a number is not sufficient to base final conclusions on the varied 
and diverse major problems associated with mental deficiency, particularly 
when we come to the statistical treatment of the data which, as Dr. Penrose 
rightly insists, is of considerable importance. 

The volume consists of fifteen chapters, an index and a glossary which 
will be helpful, at least to the lay reader. The first chapter deals with the 
historical and administrative side of the subject and many readers will no 
doubt wish that this had been more fully dealt with. There are then six 
chapters dealing with the methods of investigation applicable to this branch 
of study, followed by six chapters devoted to the description of the different 
t 3 q>es of persons who are subject to be dealt with under the Acts, and a final 
chapter dealing with treatment—^raiiical, palliative and preventive. 

The chapters on methods of investigation are both interesting and instruo- 



ElVIEWS 


179 


tive ; they not only describe the methods of the author but will be of much 
value to any reader who may be disposed to make similar investigations. 
They also bring out the pit-falls and difficulties inseparable from this kind of 
investigation. 

In the six chapters doscripti /o of the typo of persons who may bo certified 
under the Acts, some attempt is made to measure the relative importance of 
heredity and environment in the causation of defectiveness. With regard to 
the cases actually investigated the author comes to the conclusion that in 
62 per cent, of the cases the effect of environment and heredity could not be 
extricated from one another. He adds that every case is to some extent 
primary (heredity) and to some extent secondary (environment) if these terms 
are to be interpretinl in their strictest sense. In tins the author^s findings 
do not differ from the views expressed by others who have investigated such 
coses. 

The view that mental defectiveness can be definitely classified as either 
** primary " or ** secondary ** according as causation is thought to be 
hereditary or environmental has long since been sliown to be wrong. 
Heredity and (uivironment are not to be contrasted in the field of causation 
but must be regarded as complementary, with environment as a developing 
factor. Environment is often a co-efficient acting upon predisposition, more 
dramatic and clearly observable in the case of insanity than in the case of 
mental deficiency, but, nevertheless, effective and often acting in such a way 
as to bring under control a person who, but for the circumstances of his 
living, may have maintained some sort of place in the normal community. 
Economic and social maladjustment contributes largfdy to these problems 
and the relative importance of nature and nurture cannot easily be measured. 

It is therefore important to observe that in this book Dr. Penrose is dealing 
only with certified patients. The major part of mental deficiency—tho 
uncertified and uncertifiable—is outside the scope of his enquiry. From this 
point of view it must be remembered that in the majority of cases mental 
deficiency, even when clearly within tho definitions prescribed by statute, is 
not alone sufficient to secure certification, and that in most cases there must 
be found one or other of tho social disabilities prescribed in section 2 of the 
Act. In the result, as is well known, relatively few of the mentally definstive 
are in the certified class. 

It will thus be seen that if the author^s views bo accepted os representative 
of oases in the oertified class a much larger group lies outside the scope of his 
enquiry. It is perhaps the failure to recognise that his investigations arc 
limited to the class of case controlled in institutions that leads Dr. Penrose 
to refer to the supposed fecundity of tho feeble-minded ” and to compare 
the total amount spent annually on the maintenance of defectives in Institu¬ 
tions with the cost of the fighting forces and to suggest a reduction of the latter 
for the support of the former. Fecundity has been alleged in relation to the 
feeble-minded not under control but it has nowhere been suggested that this 
is a condition of the classes dealt with by Dr, Penrose—the certified mental 
deficient. The amount mentioned (one and a half million pounds annually) 
as the cost of the maintenance of the oertified defective in institutions loses 
sight entirely of tho enormous cost in finance, in social disorganisation and 
human misery of the uncontrolled mental deficient not in institutiema. 

With regard to the 512 oases investigated. Dr. Penrose has endeavoured 
to determine the number of oases in which inheritance or environment 
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xnAy be regarded as the origin of defect. His final classification is as 
follows ; 

Primary aments (Hereditary) . • . . .137 (^^%) 

Secondary aments (Enviromnent) ..... 47 (®%) 

Unclassified (Impossible to disentangle causes) . . 329 (62%) 

Notwitlistanding the observations quoted above there is a ttmdency 
throughout the book to disparage the views so often expressed by other 
observers as to the incidence of defectiveness due to hereditary causes. This 
fact rather suggests that the high proportion of cases unclassified in this table 
may be due to a too exacting interi>retation of the meaning of h(»redity. This 
is confirmed by the statement (p. 64) that we must look for inheritance “ on 
mendelian lines ’* and that “ it is necessary, in order to (establish the presence 
of mendelian factors, at least to begin by recognising the aarm conditions in 
different members of the family.” Wlmt is intended by this ptissage is not 
' clear, but if it is intended to suggest that each of the many forms of mental 
defect is to bo regarded as a mendelian character transmissible as such, few 
students of heredity will agree. 

It is common groiuid that there are many fonns of amentia : some not 
due to inheritance, others inherited in different ways. Of the lattt^r, some 
suggest the mendelian recessive, some the mendelian dominant, others sex- 
linked inlieritance and others have no relation to any known mendelian rule. 
Some present the characteristics of disease, others of degeneracy, some the 
pressure of economic and social maladjustment upon inherently weak material 
and some the simple result of peculiar parental fusion. May it not be that, 
except in the relatively few conditions known to be of tlie acquired variety, 
many of the manifestations in the whole range of mental disonler—^from mild 
incompetence to insanity—arc varied manifestations of a single underlying 
cause. There are imdoubtedly more mentally defective children whose 
parents are, or have been, or become insane than there are wliost? parents are 
mentally defective, and in both of these classes d(?fective children are more 
numerous than mentally defective children bom in families in which no hii^ry 
of mental defect con be fotind. Is inhoritemce as a possible factor in these 
cases to be disregordtHi because sameness is not a quality in the manifestation 
of such disorders ? Wlio con say that insanity in one generation and mental 
defect in the next is not due to a common underlying cause which may be 
transmitted as a mendelian character. In the final chapter on treatment the 
author deals, somewhat superficially, with thi^ question of sterilisation. This 
section is lacking in the considered argument to which, even in the present 
state of our knowledge, the subject lends itself, and betrays social and political 
bias. Most people will agree that the legal prohibition of voluntary sterilisa¬ 
tion should be removed. 

Notwithstanding its limitations this book is a valuable contribution to the 
literature on the subj^t, not only because it deals with original research but 
because it is suggestive of the need for further and more comprehensive 
research in these matters. There is so much wo want to know. 

E. J. L. 

Tha Improvemant of Sight by Natural Methoda. By C, S. Peiot, 

M.B.E. [Pp. viii -f- 232, with 24 figures.] (London : Chapman A 
Hall, Ltd., 1934. 5s. not.) 

It was inevitable that a reaction should arise against the widespread use 
of spectacles, largely encouraged by the sight-testing opticians. Mr. Price’s 
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book expresses this reaction, bnt swings the pendulmn too far in the opposite 
direction. 

He lays stress on the psychological factor which so often is an important 
element in aggravating small disabilities of vision, and the methods of treat* 
ment described in the book largely influence this factor. 

It is unfortunate that, to any but a critical reader, the book may give the 
impression that this treatment is a curo>all, and applicable to every degree 
of the conditions described. A critical reading, however, will show that 
Mr. Pricf^ does not, in reality, exclude the wearing of glasses nor resort to 
an oculist. 

In many oases of myopia and squint in children the teaching in this 
book would be definitely harmful, by delaying th(» early use of glasses, which 
are necessary in some cases. 

Incidentally Mr. Price does not realise the immense advance which 
taken place in the treatment of detachment of the retina by diathermy in 
the last throe years. Thirty per cent, of easels, at least, can now be cured 
if seen early by a competent operating oculist. 

Mr. Price’s explanations of common eye troubles are clearly and simply 
given, and he is evidently not a whole-hearted believer in the theory of 
Dr. Bates, who started the Bettor Eyesight without Glasses ” school, and 
based his treatment on the fallacy that the focussing of the eye is done by 
the pressure of the external muscles on the eyeball. 

Anyone with bad vision can got used to intoriwting the blurred images 
they receive more or less correctly, but it should be for an oculist to decide 
whotlier the non-wearing of glasses will bo hannful to the eyes or the men¬ 
tality. If not, the patient can decide whether his vision is good enough 
for practical purposes, and adopt all or some of the methods described, if 
he wishes, without risk, 

M. L. H. 


A Textbook of Hygiene for Training Colleges. By Makgaret 
Avery, B.Sc., M.R.Son.I. Fifteenth edition. [Pp. xx 4- 415, with 130 
figure^.] (London: Methuen A Co., Ltd., 1934. 6s.) 

The number of editions through which this book has run since its first 
appearance in 1919 is sufficient proof of its continued popularity. The 
present edition has been portly rewritten and considerably rearranged, while 
items of importance hove been added. 

The first section of the book is a general introduction to biology, and a 
rapid excursion through the plant and animal worlds as a preliminary to 
the study of the hiiman body. This is a welcome improvement upon earlier 
editions since the majority of students begin the hygiene course without 
any adequate conception of biological principles and are immediately plunged 
into the complications of human physiology with insufficient background. 

In succeeding chapters, the systems of the human body are described 
and accounts of the reproductive system and endocrine organs have been 
added. As both these important topics are dealt with in four pages, the 
description in this particular must be considered inadequate. 

The section upon practical Ixygiene ("‘ The Conditions of Bodily Health **) 
is in general very good, the information being sufficient and useful; but in 
the accounts of common ailments of schoolchildren the author attempts to 
give far more than is necessary or desirable for the Training College students 
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to whom the book is addressed. For the treatment of diphtheria, w© ar© 
told that “ antitoxin should be injected at once^'*^ a direction more in place 
in a medical textbook than in on© designed for teachers whose interest in 
disease should be principally focussed upon rcwsognition of early symptoms 
rather than therapeutic procedure. The author urges that teachers may do 
good work by persuading negligent parents to carry out the recommendations 
of the School Doctor and, to give the teacher the necessary knowledge for 
such persuasion, some excellent general accounts are given of such subjects 
as vaccination, infant welfare centres, otc. 

The book is plentifully illustrated but some of the simplified anatomical 
diagrams (as for example that of the inner oar on p. 143) cannot convey 
very much to the ordinary student. 

C. G. E. 


PHILOSOPHY AND THE HISTORY OF SCIENCE 

Mind and Nature. By Hermann Weyl. [Pp. viii + 100, with 12 
figures.] (Philadelphia : University of Pennsylvania Press ; London : 
Humphrey Milford, 1934. 6d. net.) 

This slender volume contains the substance of five lectures which wore 
delivered by Professor Weyl at Swarthmore College, in the University of 
Pennsylvania. The purpose of these lectures is to examine the cliaracteristic 
features of our knowledge of the world as expressed in Mathematical Physics. 
The plan of the investigation is as follows; Professor Weyl first contrasts 
the manner in which the so-called secondary qualities appear in immediate 
experience and the manner in which they appear in our sophistioatcnl theories. 
He then conducts a similar analysis for the primary qualities of extension 
and duration, explaining in detail the mode in which space and time enter 
into Mathematical Physics. The third Lecture gives the essence of Wcyl’s 
message regarding the constructive character of scientific concepts and theories 
of the “ representative *’ character of mathematical symbolism. Theee 
methodological considerations are exemplified in the concluding chapters 
by the special theory of Relativity and the modem Quantum Theory. 

The reviewer cannot refrain from making a comparison between Prof. 
Weyl and Mark Tapley. The Dickensian hero strove to be a philosopher 
but “cheerfulness would keep breaking through.“ Weyl also strives to 
philosophise but in his case it is Mathematics which intrudes like a Pythagorean 
snake into the philosophical paradise. There is a delightful passage in the 
first page in which the author, having alluded to the physical problems of 
colour composition, at once expands his wings and soars away into the realm 
of Projective Geometry, establishing, as with a shout of triumph, the magnifi¬ 
cent result that all the theorems of Projective Geometry os it applies to a 
convex region have an immediate interpretation and validity in the domain 
of perceived colours. In fact, the essence of Weyl’s message is that the 
characteristic feature of Mathematical Physics is that it constructs only an 
isomorphic relation between the entities and relations of mathematical 
symbols and the entities and relations of the physical world. 

This principle may bo interpreted in many ways. The minimisers will 
accept it as a sober and cautious statement of the inevitable inadequacy 
of all mathematical theorising and will assert with joy that more is given 
in immediate experience than is ever preserved in mathematical symbolism. 
The ma x i mis ers will assert that the idea of isomorphism implies an unsur* 



RBVIBWS 


183 


mountable barrier of knowledge. The atithor appears to waver between 
these two extremes. At times he is soimding the praises of the '' immediate, 
alive intuition ” as compared with scientific cognition ; and at times he 
relapses into a solipsism which denies a real and separate existence to the 
external world. 

I find the concluding chapters on Relativity and a Quantum Theory 
somewhat inadequate, especially when regarded as providing material 
exemplifying the main philosophical and psychological theses of these lectures. 
Smely it is an inescapable fact that all versions of these theories have been 
profoimdly affected during their period of formation by the general philo- 
Bopliical outlook of their creators. Thus Einstein's Theory shows the influ¬ 
ence c»f Kant and all versions of the Quantum Theory are deeply imbued 
by dialectical materialism. In these circumstances it is futile to cite scientific 
thfsories as evidence or examples of general philosophical principles. The 
argument runs essentially in a vicious circle. 

G. T. 

Scientific Organisatione in Seventeenth Century France. By 

Habcoitbt Brown, M.A., Ph.D. [Pp. xxii + 306.] (Baltimore ; The 

Williams <fe Wilkins Co, ; London ; Bailli^re, Tindall & Cox, 1934. 

13s. 6d. net.) 

The researches described in this volume, No. V in the New Series of publica¬ 
tions of the History of Science Society, fonn one of the most important 
contributions made in reci^nt times to the literature of the history of science. 
After a painstaking, detailed and unliurried study of masses of original 
documents, letters and manuscripts, publislied and unpublished, and other 
material in London, Oxford, Paris and I^^eiden, Dr. Brown has been able 
to present from those rich sources an extraordinarily vivid picture of the 
scientific movement in 17th century France ; and, since much of the material 
to which he has hod access has not previously been made use of, his book 
can fairly claim to be the moat authentic work on this period. Essentially, 
the book is “ a history of some of the private assemblies of the amateurs 
of natural science in seventeenth century France,” of those minor associa¬ 
tions whose existence has long been known, but whose work and historical 
significance has not previously boon studied. As Dr. Brown writes : ” From 
them came a multitude of tracts, essays, collected discourses, periodical 
publications ; taken collectively, they are the source of the bulk of the 
popular scientific literature of seventeenth-century France, llie history 
of these groups lies in the archives and the mamiseript collections of the 
libraries of western Eiuope. For their own sake, and because they were 
the heirs of the Platonic tradition of free assembly and corporate activity 
outside political control, their story seems worth telling.” And so he pro¬ 
ceeds to tell this hitherto untold story, lengthy quotations being interspersed 
to “ flavour the mass of undistinguished detail with the spice of peraonaUties,” 
describing the services of de Poiresc and the brothers Dupuy, the Cabinet 
dea frires Dupuy^ Ronaudot and Mersenne, the Montmor Academy, the 
Compagnie des Sdenoea et dea Arts, the confirencea of Justel, the academies 
of the provinces and the academy of the Abb4 Bourdelot. Dr. Brown has 
also studied very carefully the scientific relations between France and England 
during this period, and disposes very thoroughly of the tradition that the 
Royal Society of I^ondon was modelled on a French originaL 
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The book is documented throughout and includes a bibliography, a 
aununary of manuscript sources, and on appendix giving some typical 
examples of unpublished material. Dr. Brown is to be congratulated on 
the production of a very remarkable book. 

D. McKib. 


Working Dogs. By Elliott Humphrey and Lucikn Warner. With 
a Foreword by Raymond Pearl. (Pp. xiv 4- 263, with 62 fi^pres.] 
(Baltimore : The Joluis Hopkins Press ; London : Humphrey Milford, 
1934. 16^. net.) 

Fob the last 10,000 years man and dog have evolved together. And there 
is good reason to think that during the last part of this period the dog, at 
least, has degenerated. Those of us who are not acquainted with sheep 
dogs probably underestimate the dog’s iwssiblo attainments. For most 
sporting dogs are highly specialised for a particular task, and other breeds 
have little chance to display siich intellectual faculties as thf‘y may iiossess. 

The book before us tells a more cheerful story. At Fortunate Fields, in 
SwitsEerland, dogs are being bred and educated as lecwiers of the blind, and 
for police and army work. The breed chosen was the Gorman Shepherd 
dog. Tlie numerous anecdotes given leave no doubt of tlio energy, fidelity, 
and intelligence of those animals. 

To the biologist perhaps the most intc^resting data ore those given in 
Chapter X on the inheritance of various traits. For wlxile most geneticists 
who interest themselves in psychology are concerned with rather crude 
characters such as “ tameness ” or capacity for learning a particular maze, 
the breeders of these dogs are dealing with traits such as ** willingness, 

“ intelligence ” and “ energy ” which are analogous to those considered 
desirable in man. Indeed the character of the ideal dog is very like that 
of the ideal citizen of Germany or Italy to-day. It is tlierefore worth noting 
that selection for sensory acuity, willingness to learn, and so on, has led to 
a definite falling off in initiative. 

While there was strong evidence for the independent inheritance of 
auditory sensitivity, tactile sensitivity, distrust, willingloss to learn, and so 
on, it is a striking fact that no correlation between parent and offspring 
as regards intelligence has been found. This may mean that all these dogs 
have much the same make-up as regards genes determining intelligence, or 
that intelligence, so far as genetically determined, depends on heterozygosis, 
in which case it would be futile to select for it. But in any case the fact 
is of interest to students of eugenics. The differences between the sexes 
are also of great interest. The males appear to be definitely better at police 
work and the females at blind guiding, and the females are on the whole 
definitely more intelligent. 

The book is written in a semi-popular style, and the data on breeding 
are not given in any detail. W'e may hope that some day a highly trained 
geneticist may be permitted to work up the records. But even so no geneticist 
can possibly read this book without a feeling of delight that we are at last 
learning something of the inheritance of the higher i)sychologioal charactois. 

The general biologist should be glad that here, at last, man is directing 
evolution along the lines which presumably have been the psychological 
correlates of the expansion of the mammalian brain since the Cretaceous* 
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And if, as some students of evolution believe, this process is directed, it may 
be that the Director will judge mankind not by its science, art or religicai, 
but by such secondary creations as the rose and the dog. If this is the case 
the authors of this book and Mrs. Eustis, who started the breeding programme, 
have done something to earn the Director’s thanks. 

J. B. S. H. 

The Freservation of Antiquities. By H. J. PiiENDEBLEiTH, M.C., 
B.8c., Ph.D., F.R.S.E. [Pp. viii -h 71, with 2 plates and 6 figures.] 
(London : Tiie Museums Association, 1934. 2s. 6d.) 

This is an excellent little book by a specialist published at a low price. 

The book is dividefl into three chapters. The first chapter commences 
with a short consideration of the conditions of storage of organic materials 
(leath(3r, textiles, wood, ivory and bone) as affecting the growth of moulds 
and attacks by insects and explains how these pests may be prevented or 
combated. The methods of cleaning and preserving the materials are then 
given. 

The second chapter, which in the ** Contents ” is headed “ Siliceous 
Materials,** deals with the cleaning and conservation of stone, earthenware, 
clay, shale, glass, glaze and enamel, several of which are not siliceous, but 
this slip is partly rectified later by the chapter itself being entitled ** Siliceous 
Materials, etc.” 

The third chapter, which treats of metals, commences with a description 
of the nature of metallic corrosion, notes on both chemical and electro¬ 
chemical action and practical considerations affecting treatment. The 
metals and alloys, iron, steel, copper, bronze, silver, oleotrum, gold, lead, and 
pewter are then dealt with separately. 

No book is, or can be, perfect and a few minor points, that in no way 
detract from the value of the book, may bo mentioned. Thus it is suggested 
that in the next edition (and that many future editions will be called for 
is certain) the fact that the vapour of carbon tetrachloride has an ansBSthetic 
action and may have fatal effects, if inhaled in quantity, should be men¬ 
tioned. Also, neat’s-foot oil, although much employed aa a dressing for 
leather, is always very acid,A and it is suggested that sperm oil might be used 
instead, if oil, other than castor oil, is required. In connection with alabaster, 
mention might be made of the fact that Egyptian alabaster is calcium ccur- 
bonato (oalcite) and not calcium sulphate (gypsum), since this knowledge 
is of importance in cleaning. 

The book is very attractively produced and the author, the Oxford Press 
and the Museums Association are all to be congratulated. 


A. Lvoab. 
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SELECTIONS FROM THE STORY OF PLANT 
MIGRATION REVEALED BY FOSSILS 
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Prof«Mof of Botany in th$ Univenity of Cambridyo 

Intboduotoby 

Twelve years before the publication of the Origin of Speciea 
Darwin spoke of Geographical Distribution as “ that noble subject 
of which we as yet but dimly see the full bearing.” Twenty-nine 
years later he wrote to Wallace : “ What progress palaeontology has 
made during the last twenty years ; but if it advances at the same 
rate in the Aiture our views on the migration and birthplace of the 
various groups will, I fear, be greatly altered.” Encouraged by 
the Editor of this Journal, I have attempted to give a general 
account of some of the plant-records of the rocks in illustration of 
their contribution towards a fuller appreciation of the numerous 
and baffling problems inseparable from a comprehensive study of 
Geographical Distribution. My aim is to demonstrate the import¬ 
ance of supplementing a study of plant-distribution in the world 
as we know it at the present time by taking into account such 
information as can be extracted from the herbaria of the rocks, 
particularly those which contain samples of the later phases of 
vegetation. It is obvious that we cannot understand the present 
unless we keep before us the fact that the face of the earth, as seen 
at this or at any other time, is simply a single, transitory manifesta¬ 
tion, which endures but for a moment, of a continuous series of 
events. The tendency to concentrate attention upon the living 
plant-world without reference to the vanished floras of earlier ages 
inevitably leads to conclusions that are based on incomplete and 
therefore misleading premises. By conflning attention to a single 
scene in a drama we lose our sense of proportion and fail to appreciate 
the signifloance of what we see. Information supplied by the 
fragmentary documents preserved in the earth’s crust reveals 
unexpected contrasts between the present and, in a geological 
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sense, a recent past; it may not provide the key to many problems ; 
it oft^ raises fresh difiBioulties, but it compels us to take a broader 
view and enables us to see the modem plant-world in truer per¬ 
spective and with clearer vision. PalsBobotanioal evidence provides 
clues to a possible solution of some of Nature’s riddles ; it encourages 
us to look backward in our search for explanations of the facta and 
anomalies furnished by a study of the present distribution of plants. 
The docxunents are not only fragmentary; they are lamentably 
insufScient, and yet they are well worthy of our attention. As 
our imagination is quickened the lifeless disjuncta membra embedded 
in upraised sediments of estuaries and deltas become parts of living 
trees; a remote past is transformed into a living present. As 
Darwin said ; “ The noble science of Geology loses glory from the 
extreme imperfection of the record. The crust of the earth with 
its embedded remains must not be looked at as a well-filled museum 
but as a poor collection made at hazard and at rare intervals.” 
The distribution of plants, as Guppy said, is “ indissolubly con¬ 
nected with a past of which unfortunately we know very Uttle.” 
Meagre as the botanical records undoubtedly are, they are ever 
increasing; and, though we can never expect to see clearly the 
forests of other days, the mists hiding far-off scenes are being 
partially dispelled. 

My present purpose will be served if I am able to show with the 
help of a few examples selected from the available material that 
the little we know of the geological history of plants is enough to 
create a desire to know more. Such facts as are available enable 
us to follow in some measure the migrations of plants over regions 
from which they and their descendants have long since disappeared. 
From the rocks and the fossils they contain it is possible to see 
dimly the landscapes of an older world ; to compare them with the 
modem expression on the face of nature, and to realise the fascina¬ 
tion of contrasting what was and what is, as we reconstruct the 
changing geological background, the environment, and the com¬ 
position of successive forests. No attempt is made in this article 
to present complete series of records ; that would involve references 
to a voluminous literature and would be out of place in a general, 
illustrative sketch. The examples chosen ore intended to be 
preliminary to a more detailed and thorough enquiry, and it is 
hoped that they may encourage others to pursue a line of research 
which is much less unfruitful than is often supposed. It is not 
surprising that botanists, after a casual inspection of descriptions 
and illustrations of fossil plants, form the opinion that the scraps 
of foliage and other remains ore so much inferior to specimens taken 
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from living plants that they are worthless to students aooustomed 
to very different sources of information. On the other hand^ 
despite the fact that palasobotanists have not infrequently allowed 
enthusiasm to get the better of their sense of proportion—a tendency 
which they share with colleagues in other branches of science— 
there is no lack of material awaiting critical investigation which is of 
great value and of absorbing interest. 

The Age and Area Hypothesis 

Before passing to the consideration of living and extinct genera 
and species it is fitting that brief reference should be made to a 
method of approaching the subject of plant distribution that is 
based on statistical methods. Several years ago Dr. J. C. Willis, 
desirous, as he says, of freeing himself “ from the trammels of the 
natural selection theory,** took up the study of distribution, in 
which he had always taken much interest, and reached the con¬ 
clusion that “ Age as an explanation of spread is enormously simpler 
than natural selection and that it is probably valid is shown by the 
way in which it can be used for prediction.** This means that the 
greater the spread or, in other words, the larger the area within 
which groups of plants occur, the greater their age. As he pointed 
out in his book Age and Area (1922) the idea conveyed by the 
statement—‘‘ the older the species is, the more area will it have 
had time to cover ** is not new: his contribution was to carry it 
much farther than anyone else had done, and stress the importance 
of applying a statistical method to the interpretation of the facts 
of geographical distribution. The rule of Age and Area is thus 
stated : '' The area occupied at any given time, in any given 
country, by any group of allied species at least ten in number, 
depends chiefly, so long as conditions remain reasonably constant, 
upon the ages of the species of that group in that country, but may 
be enormously modified by the presence of barriers such as seas, 
rivers, mountains, changes of climate from one region to the next, 
or other ecological boundaries, and the like, also by the action of 
man, and by other causes.*’ Dr. Willis believes that the great 
majority of endemic species, that is species confined to a more or 
less isolated locality, e,g. on an island or a mountain-chain, are 
young beginners which have not had time to spread. Mrs. Reid, in 
a chapter contributed to Age and Area^ wrote: It is this fact, that 
endemic species can frequently be proved to be survivors from a 
wide-ranging past, which offered to me the greatest stumbling- 
block to the acceptance of the theory.” She does not, however, 
think that the palaeobotanioal evidence vitiates the general sound- 



SCIENCE PROGEESS 


196 

nesB of Dr. Willis’s view. The author of the theory accepts a very 
small minority of endemics as relicts; they form, he says, only 
about one per cent, of the total number, and Mrs. Reid, accepting 
this estimate, adds : “ Consequently, though palseobotany is right 
to hold to its one per cent., it must yield place in the argument to 
the superior force of numbers.” This point of view is open to 
objection : the number of species that now occupy restricted areas 
and are known to be relicts is too great to admit of their rejection 
as an argument against the truth of the Age and Area hypothesis : 
the estimate of 1 per cent, is unquestionably much too low and 
seriously misleading. It is imdeniable and indeed self-evident that 
if, as Dr. Willis suggests, the factors acting upon dispersal of plants 
produce in the long run a very imiform effect, then age may be 
accepted as a measure of dispersal. 

On the assumption that factors conditioning dispersal are in 
the main uniform in their effects, ten genera or species, the number 
adopted by Dr. Willis as his standard, that have a far-flung distri¬ 
bution (they are what are called wides) would be older than those 
which have established themselves within a more confined area. 
If we consider species simply as living members of the plant-world 
we regard the present without reference to the past, and it is this 
aspect of Age am.d Area that is germane to my immediate purpose. 
The theory may fit things as they are, and there can be no doubt 
that in many instances it does; but my contention is that it &ilB 
to visualise stages in the history of the plant-world antecedent to 
the present. In citing the following examples I admit that I ‘am 
not following Dr. Willis’s rule in taking a group of species as the 
limit, but that does not invalidate the significance of the facts. 

The bracken fern (Pteridium aquilinum) affords one of the most 
remarkable instances of a cosmopolitan plant; it flourishes in the 
climate of this country, on the lower slopes of Mt. Kenya on the 
edge of tropical Africa, in South Africa, North and South America, 
the Fiji islands, Australia and many other parts of the world. It 
should, therefore, on Dr. Willis’s view be an old representative of 
the family to which it belongs, a vigorous wanderer that has taken 
full advantage of the time at its disposal. According to the 
standards set by Dr. Willis it must be old because it has spread 
over a large proportion of the earth’s surface; but is it old as 
geologists reckon age ? The palteobotanical record gives little 
information of a positive kind ; it is chiefly negative. But negative 
evidence is by no means negligible. In view of the abundance of 
many other fossil ferns we can with reasonable confidence assert 
that there are no grounds for regarding Pteridium as an old type j 
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on the contrary it is almost certainly a comparatively recent product 
of evolution. In view of the abundance in sedimentary rocks of 
fronds of many other ferns, the marked scarcity of fossils that 
can be matched with the Bracken is in all probability more than a 
mere accident. This raises the question : is it safe to assume that 
the wide geographical distribution of living plants connotes youthful 
vigour and a relatively recent origin rather than antiquity ? While 
it is true in some instances, as I believe it to be for Pteridium, that 
cosmopolitanism is an expression of comparative modernity, it is 
certainly by no means always true. The Royal Fern, Osmunda 
regalia, ranges over a large territory and yet it is a representative of a 
family which stretches back to a remote past. It is, however, note¬ 
worthy that the greater number of fossil species of the Osmundaoees 
appear to be more closely allied to the genus Todea than to Osmunda. 
Todea, which has a more restricted distribution, is a characteristic 
Fern in South Africa, temperate Australia, and New Zealand. 

A few ferns will next be considered in support of the contention 
that genera which now occupy a relatively small area are among 
the most ancient of their race. The island of Juan Fernandez 
(rather more than 400 miles off the Chili coast) possesses several 
endemic ferns, species which occur nowhere else ; one of these is 
Thyraopteris degana, the sole representative of the genus character¬ 
ised by large and graceful fronds bearing on the lower arms clusters 
of spore-capsules in circular cups which replace the ordinary green 
leaflets and hang like miniature bunches of grapes. 

Part of the Geological Table is inserted for convenience of 
reference to the Periods mentioned in the following pages. 

QuATKBiffAny (or Plbistoorkk). Pr 0 wmt Bt4!tgo paiiMinji( imperceptibly 
into the PoBt-glaciAl and Glacial (Ice Age) wtagc. 

Tektiary. Pliooeno stage. 

Miocene 
Oligocene „ 

Kooene „ 


Cretaceous. Upper Cretaceous (Chalk, ote.). 

Lower Oetacoous (Wealden, etc.). 

Jurassic. The flowering plants were only lK»ginmng to play a part, in 
the vegetation of the world. 

Rhabtic. a series of plant-beds, etc., intermediate between Triassie 
and Jurassic, 

Triassio. 


Ferioan, and older formations. 

The older formations are not mentioned in the text. 
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Specimens of fertile fern fronds from the Jurassic rocks of 
Yorkshire and other i^arts of the world bear a striking resemblance 
to those of the Juan Fernandez species, which recalls Darwin’s 
dictum : ‘‘ Rarity, as Geology tolls us, is the precursor to extinc¬ 
tion,” Two other genera of ferns are of special interest in this 
connection : the genus Matoniay with two or three species, grows 
abundantly in some parts of the Malay Peninsula, on the mountains 
of Borneo and on the coast of some of the Malayan islands : it is 
unknown in other parts of the world. Matonia, or at least Ferns 
having the same unusual form of frond, the same type of spore- 
capsules and the same exceptional structure of the stem, were 
members of the earliest Cretaceous and the still older Jurassic floras 
of Northern Europe. An extinct genus, Lciccopteris, closely allied 
to Matonia^ was almost cosmopolitan in the older Jurassic floras, 
ranging from Greenland to Indo-China and Australia and over a 
great part of Europe. The second genus, Dipieris, a companion of 
Matonia in Malaya, has a wider though by no means a wide area 
of distribution ; it occurs in Assam, in New Guinea, Central China, 
Fiji, New Caledonia and in a few other localities. It was repre¬ 
sented in Rhaetic and Jurassic floras by a very similar Fern, 
Dictyophyllum, which flourished in Eastern Greenland, in Europe, 
North America, Tonkin and elsewhere. Another fossil Fern, 
Hairnnannia^ which is even more like Dipteria, grew in the Arctic 
regions, in England and other parts of Europe in the Cretaceous 
and Jurassic periods. Enough has been said to show that McUonia 
and Dipteria are survivals from a group of very ancient Ferns which 
once occupied a territory far surpassing in size the present distri¬ 
bution area and remote from their present homes. These genera 
and many others, that are now confined within comparatively 
narrow regions in Malaya and farther east, are the descendants of 
plants which in the later stages of the Mesozoic era were among 
the commoner members of northern hemisphere floras. The same 
statement is applicable with equal tnith to flowering plants of the 
modem world as contrasted with ancestors in Cretaceous and 
Tertiary floras. It often happens that plants confined to one part 
of the world to-day, e.g. the southern tropics and sub-tropics, are 
survivals from the past, carrying us back in imagination to ancestors 
long dead which lived on a far-off northern continent. Driven by 
stress of circumstances from their old homes some perished by the 
way, some gained a refuge where they still remain as impressive, 
silent and yet eloquent witnesses of the continuity of the past and 
the present. 

These examples are cited primarily in relation to the Age mid 
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Area hypothesiB ; they ate selected from a large number of equally 
or even more striking instances furnished by the rooks from which 
we learn that the present circumscribed area of distribution is by 
no means necessarily an indication of youth ; it is not infrequently 
the expression of what may be called senescence, a sign of antiquity. 

Fbkns 

We will now consider other contrasts in distribution without 
more than a passing reference to the problems which they raise. 
The family Gleicheniaoets includes many Ferns which abound in 
the warmer regions of both the Old and the New World ; certain 
species are among the most familiar plants in the southern tropics 
and are readily recognised by their regularly forked fronds with 
divergent arms closely set with narrow, linear, or small, almost 
circular leaflets beeiring spore-capsules of a well-defined pattern. 
The genus Oleichenia no longer occurs in Europe and only in the 
southernmost part of North America. Its history has been traced 
through many ages, and there is some evidence of the existence of 
a similar type of Fern as far back as the late stages of the Palssozoio 
era. A remarkable fact is that Ferns practically identical with 
existing species of Oleichenia, in the peouUax construction of the 
frond and in the structure of the spore-capsules and spores, played 
a prominent part in the Cretaceous vegetation of western Greenland 
(lat. 70° N.) and in floras of approximately the same age in many 
parts of Europe. Specimens of Oleichenia {Oleichenitea) have 
recently been described by Professor Harris in his exceptionally 
interesting account of an amazingly rich early Jurassic and Rhsetio 
flora frvm material which he coUected in the neighbourhood of 
Scoresby Sound in East Greenland. Gleicheniaoeous Ferns are 
recorded from the older Cretaceous rooks in Britain and the European 
continent and there is some evidence pointing to the existence of 
a member of the family in England in an early Tertiary flora. The 
sudden display of plant-remains as a rook is split by the blow of a 
hammer may be welcomed as a satisfactory result of a particular 
quest; it may also stimulate imagination as one is brought face 
to face with the inexplicable facts of Nature. The sight of well- 
preserved fronds of Ferns with forked arms exposed on a slab of 
shale on the beach of Upemivik Island (71° N. lat.) took me back 
to a hill-side above Penang in the Malay Peninsula, where living 
Gleichenias in company with Dipteria formed a wonderful tangled 
carpet of luxuriant growth on the edge of a tropical forest. Thus 
can we bring to life a scene on an arctic Cretaceous continent and 
reconstruct, in part at least, the migration of a group of species in 



SOIENOE PROQRBSS 


200 

time and space. Millions of years are ignored ; ioe-boimd Green¬ 
land becomes a tropical or sub-tropical land ; this natural reaction 
is, however, rather a fantasy than a deduction confirmed on more 
sober reflection after all the relevant evidence has been weighed.^ 

Conifers 

Let us now briefly consider some examples furnished by Conifers. 
The Monterey Cypress (Cupresaus macroc-arpa), which is a familiar 
cultivated tree in England, lives in splendid isolation as an endemic 
species in Southern California; the bleached and twisted arms 
bear the impress of long exposure oh the wind-swept granitic head¬ 
lands facing the Pacific. The Cypress is strangely unlike its descend¬ 
ants or their progeny, raised a century ago from seed planted in 
English soil, the shapely pyramidal trees of our parks and gardens. 
These large-coned Cypresses, now confined within a domain not much 
more than 3 miles long and about 200 yards broad, are survivals, 
precariously clinging to life, from a remote past; they are certainly 
not young products of evolution which have lacked time to extend 
the boundary of their original home. We know the Cypress family 
formerly occupied a much larger territory : twigs and cones hardly 
distinguishable from those of the Monterey Cypress have been found 
in old Tertiary rocks in Northern Ireland, and similar fossils are 
recorded from the sands and muds of the Bournemouth cliffs. 
There are few, if any, more astonishing instances of trees that have 
come almost to the end of their wanderings along routes which we 
can only partially reconstruct. 

Travelling a comparatively short distance north from Carmel 
Bay and the Monterey Peninsula we come to the southern limit of 
the interrupted belt of the Redwoods (Sequoia aempervirena) rather 
more than 400 miles in length, which ends a short distance beyond 
the boundary of northern California. The Redwood belt follows 
the line of the Coast Range hills bordering the Pacific coast. Farther 
east across the Central Valley a second species of Sequoia (S. gigantaa), 
the big tree or mammoth tree of California, still lingers at a few 
localities on the Sierra Nevada. These two magnificent trees, taller 
than any others in the northern hemisphere and rivalled only by 
the Giant Gum trees (Eucalyptua) of Australia, appeal to us by 
their majestic form and even more as the sole living representatives 
of a genus that was one of the dominant members in the Tertiary 
forests of Europe and the Far East. Some of the Redwoods have 
been growing where they stand for over 3,000 years ; at Calistoga, 

> Fuller information on the past history of Ferns was given by the writer 
in the Hooker lecture published in 1022 (see References, p. 217). 
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70 miles north of San Francisco, one sees petrified giant stems 
teaching 8 feet in diameter lying in a bed of volcanic ash derived 
from some late Tertiary (Pliocene) volcano; and with the stems 
are cones and leafy shoots indistinguishable from those of the living 
Redwood. From older Tertiary rocks in Oregon beyond the limits 
of the present groves abundant specimens of a fossil Sequoia have 
been collected which are referred to a species, 8 . Langedorfii, differing 
in no obvious characters from the living 8 . sempervirene. The same 
fossil species was a common tree in the Miocene floras of Western 
and Central Europe and in Tertiary forests in Siberia, Manchuria, 
and Japan ; it flourished as far north as Ellesmere Land (about 
78° N. lat.) and on the western edge of Tertiary Greenland. Another 
Tertiary Sequoia (8. Couttaiae) is almost identical vrith the Mammoth 
tree (Sequoia gigantea), which as a cultivated tree is often spoken 
of as WelliTigtonia ; it also bears witness to the former abundance 
of the genus in Tertiary floras of the Old World ; it grew in the 
Oligocene forests that have left fragmentary remains in the sedi¬ 
ments of a vanished lake on the granitic plateau of Dartmoor at 
Bovey Tracey in Devonshire. Why, we wonder, is Sequoia now 
confined to a narrow strip of California ? The two surviving species 
find favourable conditions on the parallel mountain ranges near the 
Pacific Coast, the Redwoods bathed by the mists from cumulus 
clouds, which in the long dry season roll eastwards from the ocean, 
while the Mammoth trees, fewer in number and almost verging on 
extinction, are able to endure the drier climate of the Sierra Nevada. 

As the result of geological causes affecting the factors governing 
climate, particularly rainfall, the Cretaceous and Tertiary Sequoias 
were threatened with destruction; many succumbed, some few 
after wandering over wide stretches of the world reached the western 
sea-board of the New World. 

The Redwoods and Mammoth trees in their splendid isolation 
offer many problems for the exercise of ingenuity and imagination. 
We think of their age-long ancestry, the vicissitudes which they 
have encountered during millions of years, and though we can only 
make guesses at the truth, even a slight knowledge of their past 
history enormously increases the feeling of awe inspired by their 
beauty, their strength, and length of years. Before leaving the 
Sequoias a word must be said on some recent paleeobotanioal contri¬ 
butions from Professor Chaney of the University of California, who 
has made an intensive study of Tertiary floras in Oregon in relation 
to the Redwood forests. One of his latest publications, in collabora¬ 
tion with Mias Sanborn, is on the Eocene Goshen Flora of West 
Central Oregon: the authors clearly demonstrate that the old 
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Western American flora bore a mnoh closer resemblance to those 
of Europe than we find at the present day. They also show that 
the Goshen flora has a close affinity to the modem vegetation of 
Mexico and Central America. It is worthy of note that Chaney 
regards the evidence furnished by the Oregon flora as favourable 
to the old view of a centrifugal distribution of flowering plants from 
an Arctic home; several families and genera of the Goshen flora 
were represented in the Cretaceous vegetation of Alaska and Green¬ 
land. It is also apparent that the data supplied by Western 
American Tertiary floras give strong support to the view put for¬ 
ward many years ago by the Harvard botanist, the late Asa Gray, 
of a common origin of the vegetation on both sides of the Pacific. 

Space does not admit of a fuller consideration of Professor 
Chaney’s researches but attention is called to them because they 
illustrate in an unusual degree the value of a careful analysis of 
extinct floras and their comparison with existing floras in other 
regions, particularly in more southern parts of the same continental 
region. His results enable us to visualise the wanderings of plants 
from Arctic to sub-tropical lands and to appreciate how essential 
it is in dealing with modem plant geography to take into accoimt 
the facts furnished by floras of the past. 

Another Conifer which lives on the Sierra Nevada and the 
Californian Coast Range hills is also a link with Tertiary floras of 
the Old World: this is the Incense Cedar, Libocedrua decurrena, a 
species often cultivated in our gardens and characterised by its 
narrow tapering habit and flattened pairs of small scale-like leaves. 
The genus is often quoted as an example of discontinuous distribu¬ 
tion ; it is confined to the western border of the United States of 
America, western South America, from Chili to Patagonia, New 
2^aland, New Caledonia^—^famous as the home of many relicts and 
endemics—^New Guinea, Formosa, and south-western China. As 
in other instances, its discontinuous geographical distribution is a 
mark of antiquity and is evidence of partial extinction of a group 
of species that once occupied a wide and continuous area. Perusal 
of lists of Tertiary fossils shows that numeroiis foliage-shoots with 
flat triangular leaves closely appressed to the stem and arranged 
in regular alternating pairs have been referred to lAbocedrua ; but in 
many instances it is impossible to distinguish one kind of Cupreaaua- 
like twig from another. Unless cones are present, or it is possible 
to obtain confirmatory evidence from microscopical characters, one 
cannot confidently assert that the fossils are derived from a I«6o* 
cedma rather than from a Cypress or a tree such as the arbor vitce. 
Fortunately at several European localities cones associated with 
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the vegetative fragments afford proof of generic affinity. It is 
certain that trees differing in no clearly recognisable features from 
living species of lAbocedrua grew in the Tertiary (Miocene) forests 
of northern Ireland, Germany and Poland. There can be no 
reasonable doubt that the genus had an extended range in Tertiary 
and possibly in still older Cretaceous floras, living well within the 
Arctic Circle and spreading thence, so one believes, over the greater 
part of Europe and across Asia to the Far East. This Conifer is one 
of a large company of trees whose present distribution is attributable 
to changing climate and physical conditions and to the effect of 
the last Glacial period in destroying the continuity of the west-to- 
east belt of Tertiary forests. 

A similar story might be related of the Chinese Conifer, Olypto- 
sUrobua, another member of the Cypress family: this tree with a 
still more restricted range was once European and North American. 
Admitting that many of the published records of the occurrence 
of fossil species are valueless, there remain several well-preserved 
specimens in which the readily recognisable cones of the genus 
occur in organic connection with foUage-shoots like those of the 
Chinese tree. A good example of a cone-bearing branch of a 
Tertiary Olyptoetrobue may be seen in the Hunterian Museum, 
Glasgow. The specimen is from a rich plant-bearing bed at Bilin 
in Bohemia. Other specimens have been described firom Tertiary 
floras in Switzerland, Franco and elsewhere. 

The Umbrella pine of Japan, Sciadopitys verticUkUa, though the 
fossil records are relatively meagre, is in all probability another 
ancient Conifer possibly derived from a northern source; there 
remains only a single species and that has many peculiar features 
marking it off as an isolated type, “ alone among Coniferse with 
no obvious affinities or immediate allies,” which, “ it must be 
conjectured, came down to us from a remote geological past.” ^ 
The microscopical examination of carbonised leaves in Cretaceous 
and Tertiary rocks in Greenland and other Arctic countries has 
furnished evidence of affinity to Sciadopitya ; and there is also a 
good deal of probability that detached cone-scales that are common 
in collections from Arctic and Temperate regions belonged to cones 
similar to those of the existing tree. We can at least say that 
Conifers agreeing closely with Sciadopitya were represented in 
northern Cretaceous and Tertiary forests. 

There remains another genus of Conifers, Araucaria, which merits 
attention as an example of wanderings from one continent to another 

* Quoted from Sir Wm. Thisolton-Dyor in Bean’s Trees and Skniba 
Vol. II, p. 607, 1919. 
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and of the difficulty of discovering the position of starting-points. 
The most familiar species in cultivation is the species A. araucam 
(= .4. imbricata), the Monkey-puzzle from the Chilean Andes ; a 
second widely cultivated species is A. excelsa, now confined to an 
island far to the east of Australia, from which the tree derives its 
name, the Norfolk Island Pine, though it is not a pine in the strict 
sense. In the vegetation of the world there are now about fifteen 
species of Araucaria, all of them south of the Equator, two in South 
America, Brazil, Chili and the Argentine, others in eastern Australia 
and in the islands beyond, including New Caledonia, Norfolk Island 
and the New Hebrides ; there are also several species in New Quinea. 
Fortunately, the cones of existing Araucarias as well as the structure 
of the wood and the characters of the foliage-shoots make it possible, 
with reasonable certainty, to distinguish well-preserved remains of 
this generic tjrpe from those of other fossil Conifers. It is hardly 
possible to say when Araucarian trees were first represented in the 
older floras, a question of secondary importance in the present 
summary. The important point is that as far back as the Jurassic 
period Araucaria (or Araucarites) was a forest tree in Europe, in 
America, India, Graham Land on the edge of the Antarctic Continent, 
and in many other parts of the world. There is no satisfactory 
evidence of its presence in Jurassic, Cretaceous or Tertiary floras 
within the Arctic Circle. Good specimens of cone-scales each with 
a single seed, or the impression of a seed in the middle—an 
Araucarian feature—have been described from a Lower Cretaceous 
flora in South Africa, a continent where the genus no longer exists ; 
also from rooks of the same period in England, France, Holland, 
Bohemia, Italy, and from several Cretaceous localities in the United 
States, in Australia and New Zealand. Without considering in 
more detail Bhaetio, Jurassic, and Cretaceous localities which have 
yielded trustworthy traces of Araucarian trees, it is important to 
direct attention to the wide distribution of the genus in Tertiary 
Europe. The Oligocene flora of Bembridge in the Isle of Wight 
and the Eocene flora of the island of Mull included representatives 
of this ancient type ; a Tertiary species was widespread over a large 
part of the European continent, in the Tyrol, France, Switzerland, 
Italy, Dalmatia and elsewhere. 

More than ninety years ago blocks of fossil wood having the 
anatomical characters of an Araucarian Conifer were discovered in 
water-borne sediment associated with basaltic lava-flows of Tertiary 
age in the Kerguelen Archipelago. The occurrence of fossil wood 
is, however, not always proof of the former existence of living trees 
at the place where the wood occurs. We know that tree stems and 
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branches may be carried by currents over several htmdred miles 
of ocean. Some of the drift-wood strsmded on the west coast of 
Greenland has its source in the forests of Northern Siberia: a 
similar derivation from a distant starting-point may be true of 
fossil wood. In 1931 Dr. de la Riie, a French geologist, discovered 
several fossil remains in another part of Kerguelen Land and among 
them were well preserved foliage-shoots, which it was possible to 
examine microscopically, also single-seeded pieces of cones practic¬ 
ally identical with the corresponding members of a living Araucaria. 
It is therefore clear that trees grew on this remote island group, 
now desolate and wind-swept, one-sixth of its surface hidden by 
ice-fields and glaciers, the home of three or four cosmopolitan ferns, 
including our native Polypody {Polypodium vulgare), a lycopod 
(also a British species) and barely thirty species of flowering plants. 
Kerguelen is now a treeless land. We are at last in possession of 
definite evidence of the former existence of an Araucarian forest— 
how long ago it is impossible to say, but probably before the close 
of the Tertiary period. The fossil foliage-shoots and seed-scales 
of cones appear to agree most closely with those of the living species, 
Araucaria exedsa, which is now confined to Norfolk Island more 
than 3,000 miles from the Kerguelen Archipelago. The resemblance 
to the existing South American Araucarias is much less close. The 
discovery made by Dr. de la Riie has exceptional importance and 
interest in relation to geographical distribution : how came Arau¬ 
caria to this sub-Antarctic land ? Transport by ocean-currents as 
a means of introduction cannot be seriously entertained ; wind and 
birds cannot perform miracles. In an account of the past and 
present Kerguelen flora by Miss Conway and myself, published last 
year (1934) in the Annals of Boiany, we wrote : “ The Kerguelen 
Archipelago must have been part of a continent; whether the parent 
mass lies below the southern ocean, or whether the submarine 
platform with its covering of basalt-sheets is a detached portion 
which floated away from a continental block is a question to which 
no definite answer can be given.” 

As already stated, the remains of foliage-shoots and detached 
cone-scales, tearing a very close resemblance to those of existing 
species of Araucaria, are widely distributed over the northern hemi¬ 
sphere and in several parts of the southern hemisphere far beyond 
the present discontinuous range of the genus and family. Araucarian 
remains have also a wide distribution in time, from the Triassio 
period upwards. There are some indications of the existence of 
the Araucarian t 3 rpe of Conifer as far back as the Permian period, 
but the evidence is unconvincing. Palteobotanical data do not 
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provide an answer to the question : in what part of the world did 
this link with an age separated from the present by at least a hundred 
million years begin its world-wide and protracted journeys ? The 
geological history of Araucaria, or such pages of it as it has been 
possible to decipher, is typical of the history of many other old 
Gymnosperms; at some stage in the course of evolution we find 
that a genus, using the term in a wide sense, has occupied a very 
large proportion of the land-surface of the earth whereas now it 
precariously lives in refuges that are relatively restricted in area 
and not infrequently separated one from another by wide stretches 
of ocean. The past is the key to the present: in the past wide- 
ranging, cosmopolitan genera ; at the present day the same genera 
are represented by a few species, or even by a single species, which 
remain as the last links of a chain that once almost encircled the 
world. 


CVCADS 

Having regard to the fact that references are often made in 
botanical and geological publications to the former wide distribution 
of Cycads, it is essential to remember that the Cycods of the present 
age are very different in the structure of their reproductive apparatus 
from the extinct plants to which the name Cycads is frequently and 
inappropriately applied. We know very little of the direct ancestors 
of the nine genera of Cycads (Sago “ palms,” etc.) which are for 
the most part, though by no means exclusively, tropical in their 
widely scattered habitats. It is no wonder that the innumerable 
fossil fronds discovered in later Triassic and Jurassic rocks the 
world over, and at many Cretaceous localities, have been interpreted 
as evidence of the former occurrence of Cycads that were once 
cosmopolitan. The resemblance of the fossil fronds and of a large 
number of beautifully preserved stems to those of the true Cyoa^ 
is amazingly close, and yet the structure of the flowers, which is 
known with surprising completeness, indicates a wide gulf in certain 
features which have a high value as evidence bearing upon the 
question of relationship of the Triassic-Cretaceous fossils and the 
living Cycads. During a considerable part of the Mesozoic era it 
is true to say there existed a group of plants, which played a leading 
r61e in the world’s vegetation, ranging from Arctic regions to the 
borders of Antarctica and having palm-like fronds and thick stems 
covered with the stumps of old leaves, constructed on a plan almost 
precisely the same as that followed in modem Cycads. And yet 
despite these resemblances the inclusion of the dead and living in 
the same group is misleading and contrary to the canons of sdenoe. 
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The history of the true Cyoads is very imperfectly known; it is 
indeed hardly known at all. We cannot help thinking that the 
hosts of extinct plants, which in life must have closely simulated the 
living genera, while differing widely in their fertile shoots, may have 
come from Palaeozoic ancestors whence perhaps were also derived 
the apparently more primitive and surviving genera which represent 
a separate line of development. This is a digression though not 
entirely irrelevant because of the frequent references in literature 
that have led to misconception of the actual position. 

Tub Maidsnhaib Tbbb 

The most impressive example in the plant-kingdom of a surnval 
from bygone ages is one which is too familiar to be described at 
length ; a brief reference to it will suffice. Oinkgo biloba, the Maiden¬ 
hair tree, has in recent years become increasingly famUiar as a culti¬ 
vated introduction ; it is often said to be a native of China or Japan, 
or both, though there is no well-authenticated record of its occur¬ 
rence in a wild state. It is, as Darwin called it, “ a Uving fossil ” ; 
and, as befits its history and its fascination for all who derive 
pleasure from revivifying the life of other ages, it is tended as an 
object of veneration in the temple precincts of China and Japan. 
Oinkgo, more than any other tree, links the present world with a 
succession of geological periods. It is the only representative now 
living of a group of naked-seeded plants (Ginkgoales, a group of 
Gymnosperms). Formerly regarded as a member of the Yew 
family, in 1806 it was made the type of a separate section of Gymno- 
sperms because of the discovery by a Japanese botanist of a primitive 
attribute, unknown in the Yews or any other Conifers, namely the 
possession of large and motile sperms. It is the sole survivor of a 
group which in earUer stages of the world’s history included several 
genera and had a world-wide distribution. There is no proof of 
the occurrence of Ginkgoalean trees in Palaeozoic forests and yet 
there is some evidence, and by no means negligible evidence, of the 
existence in early Permian floras of a plant with foliage strikingly 
similar to that of the Maidenhair tree. More than fifty yeaurs ago 
leaves were discovered in Virginia in beds slightly younger than the 
Coal Measures which were named Saportcea adter the famous French 
palaeobotauust, the Marquis of Saporta: about ten years ago leaves 
of the some form and venation were described by Professor Halle 
of Stockholm from rooks of approximately the same geological age 
in Centrad China. This maurkedly discontinuous distribution— 
Virginia and Central China—may be taken as evidence of the 
antiquity of Saportcea even in the Permian period: if, as seems 
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probable, the fossil genus is allied to Oinkgo, it implies the existence 
of an ancestral stock at some still more distant period of the 
PalsBOZoic era. There is ample evidence of the occurrence of near 
relatives of Oinkgo in late Triassic, in Jurassic, and Tertiary floras. 
The genus Oinkgo, or Oinkgoites as the fossil leaves may be called, 
lived in Greenland from the early Cretaceous to well into the Tertiary 
period : it was a member of a Tertiary flora in Spitsbergen, and a 
Jurassic flora in Oregon; and in Cretaceous Alaska it was repre¬ 
sented by more than one form, and it has been found in Tertiary 
rooks m northern Canada. The GUnkgo family was well represented 
in the Jurassic vegetation of Franz Josef Land: it had, in fact, a 
circumpolar distribution. In England members of the group were 
oharaoteristic trees in Jurassic forests and Oinkgo itself survived 
up to the early part of the Tertiary period, growing on the edge of a 
lake on the basaltic plateau of the Inner Hebrides. In France it 
lingered on to the latter part of the Tertiary period. Oinkgo and 
other members of the Ginkgoales were among the commoner plants 
in Europe throughout the Jurassic and Cretaceous periods: and 
many records might also be cited from the southern hemisphere, 
firom A%hanistan, Turkestan, Siberia and farther east, and from 
Australis. This group of naked-seeded plants was almost cosmo¬ 
politan. One would like to know the causes of its decline and the 
gradual dwindling of the territory which it had successfully colonised 
through many stages of geological history. It is a pleasing fancy 
to think of the venerable and sacred trees in the temple gardens of 
Chins and Japan “ dreaming out their old stories to the wihd,” 
stories that we can unravel only in part. 

Flowbeino Plants 

The past history of flowering plants, though very imperfectly 
known, furnishes many instances of migration from one part of 
the world to another, and often gives support to the speculations of 
some of the older botanists that the Arctic regions were a centre 
from which new products of evolution spread along divergent routes 
to more southern homes on both sides of the Atlantic. A few 
examples will sufiice to direct attention to some of the many lines 
of thought along which the student of ancient floras is impelled by 
the evidence of fossils. 

We will first briefly consider two genera of the Magnolia family 
(Magnoliaceas), Magnolia and the Tulip tree {Liriodendron). Mag¬ 
nolia now includes about sixty-two species, eighteen American and 
the rest Asiatic. Some American species live in the south-eastern 
part of the United States and extend as far north as Southern 



PLANT MIGBATION BEVBALED BY FOSSILS 209 

Ontario ; others are Central American, from Costa Rica to Mexico, 
Cuba and Haiti. In Asia the genus has a wider distribution, west¬ 
wards along the Himalayas, South-East Tibet, Upper Burma, 
through parts of China to Korea, Manchuria, Japan, Assam, Siam, 
Indo-China and the Malayan region. The genus Liriodendron 
includes two very closely related species ; one is confined to a small 
area in China (L. chinense) and the other (L. tulipifera) has a muoh 
wider range from the South-Eastern United States to Southern 
Ontario. A great number of fossil leaves from Cretaceous and 
Tertiary rocks have been described as species of Magnolia, but by 
no means all of them can be accepted as true records. There is, 
however, no doubt that the genus was represented over a vast 
territory in the northern hemisphere including the Arctic regions. 
Evidence is not confined to leaves though many of them are un¬ 
doubtedly correctly determined. In 1869 Oswald Heer, the pioneer 
in Arctic Palseobotany, described a cone bearing crowded oval 
carpels, from a collection brought to England by Mr. Edward 
Whymper, as a species of Magnolia. This specimen is now in the 
British Museum and is almost certainly an aggregate of Magnolia 
frmits ; it is from the Tertiary plant-bearing beds of Western Green¬ 
land (lat. 70° N.) and with it occur leaves that can be closely matched 
with the foliage of recent species. In another ooUeotion of Green¬ 
land plants Miss Conway and myself recently found a cone-like 
fossil which we are describing as the fimiting branch of a Magnolia ; 
it is practically identical in form and in the structure of the carpels 
with old flowering branches of some existing species. Mr. Good, 
in a paper published in the AnnaU of Botany (1926), “ On the Past 
and Present Distribution of the Magnoliese,” gives a brief summary 
of the fossil records. It is, as he fairly certain that Magnolia 
was widely spread in Cretaceous Europe, and on the American 
continent extended far to the north of its present area : it continued 
to occupy a large area in both the Old and the New World during 
part of the Tertiary period and there are traces of its persistence in 
Europe up to the time of the Ice Age. Mr. Good believes that 
the present distribution of the Magnoliete is “ the direct result 
of the enforced migration due to the great climatic changes 
in the Pleistooene.” In a former article in Science Progress (July, 
1934) reference was made to the occurrence of more than one species 
of Magnolia in the flora of the London Clay. 

The fossil records of lAriodendrcm, tell a similar story. Many of 
the leaves fivm Cretaceous and Tertiary rooks referred to this genus 
are in all probability leaflets of the tropical Leguminous genus 
tk^iergia. Ton years ago I gave reasons for discarding Heer’s 
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supposed Liriodendron species from the Cretaceous plant-beds of 
Greenland. Among the fossils described by Heer from Tertiary 
beds in North-Western Iceland are a few leaves and fruits which 
seem to be almost identical with those of the Tulip tree. An examina¬ 
tion of the actual specimens in the Copenhagen Museum leads me 
to regard Heer’s identification as probably correct. Imperfect 
leaves which may belong to a Liriodendron are recorded from late 
Tertiary beds in the Altai mountains : good specimens have been 
described from Tertiary floras in France and Switzerland, and 
there are records from several North American localities, both 
Cretaceous and Tertiary. 

Recently a Japanese Palecobotanist, Dr. Endo, described fossil 
leaves of Liriodendron from two districts in Japan, probably Miocene 
in age. It is noteworthy that seeds of the Tulip tree are stated by 
Mr. and Mrs. Clement Reid to occur in profusion in the Pliocene 
delta-deposits on the Dutch-Prussian border, and the same authors 
describe a head of small carpels which they refer to an extinct 
species of the same genus. In 1928 Dr. H. von Ihering stated that 
leaves of Liriodendron had been discovered in Upper Cretaceous 
rocks in Patagonia, but, so far as I know, illustrations of the speci¬ 
mens have not been published. It is worth while to compare with 
fossil specimens the unusual forms of leaves often seen on shoots 
springing from the lower part of an old stem, and other variants 
which can often be found in searching among the foliage. Possibly, 
as some botanists believe, these abnormalities on a living tree are 
throw-backs to ancestral forms. A selection of drawings of leaves 
picked from a Tulip tree is given by Professor E. W. ^rry in his 
book on Tree Anceators, The volume includes a very instructive 
set of maps illustrating contrasts between past and present areas 
of distribution, though no doubt if accormt were taken of more 
recent discoveries certain modifications would have to be made. 

The largest broad-leafed tree in Japan is said to be CerddiphyUum 
japonicum ; it is occasionally cultivated in English gardens. There 
is a second form in China, CercidiphyUum japonicum var. einerue, 
which lives on the mountains of Szechuan (see Map). The g^us 
has been relegated to a famUy of its own, the CeroidiphyllaoeaBt 
which is related to the Hammelidacese of which the Liquidambar 
and the Witch Hazel are two familiar representatives in estivation. 
The leaves of CercidiphyUum are almost circular or broadly ovate ; 
the base is more or less cordate; and the margin may be almost 
entire or definitely crenulate: the venation is a fairly distinctive 
feature. Unfortunately no fossil fruits have been discovered, 
though leaves practically identical with the foliage of the recent 



PLANT MIGBATION EEVBALBD BY FOSSILS 


211 


gpeoies are abundant in the rocks of several countries. It is one of 
the great difficulties in palaeobotanical work that leaves are usually 
not preserved in close association with fruits and seeds. The 
history of our knowledge of the fossil records of CercidiphyUum is 
briefly related as on example of palseobotanioal methods. Nearly 
seventy years ago Heer read a paper to the Royal Society of Dublin 



Mop Mhowing the present distribution (oval areas with C) of Cemulijihyllwn and 
some of the localities (black patches) in Arctic and Temperate regions where fos^ 
have bmn found which are believed to be very closely related to the recent species. 
(Stanford’s Stereographical Projection on the plane of the Equator.) 

in which he gave a preliminary account of the results of his examina¬ 
tion of a collection of Greenland fossil plants : an illustrated and 
fuller account of this and other collections from Arctic regions was 
subsequently published in volumes of the Flora Fosailis Aretioa. 
He described and illustrated several leaves, differing one from the 
other only in minor features, as species of Popuhu and compared 




SOIBNCE PEOORE8S 


212 

them with certain living poplars, e.g. a species from the Euphrates. 
In a later volume he referred some Tertiary leaves from Spitsbergen 
to the genus Orewia, which is mainly tropical and is a member of 
the family (Tiliaoese) to which the Lime {Tilia) belongs ; they are 
certainly not generioally distinct from the supposed poplars. It is 
interesting to find that in 1877 Heer wrote : “ In form, venation, 
and in the marginal teeth Orewia crenata the Arctic species bears a 
strong resemblance to CercidiphyUum japonic,um.” Comparison 
with CercidiphyUum of Heer’s Populus arctim and similar forms, 
including the leaves called by him Orewia crenata, convinced me 
that the marked resemblance to the Japanese tree which he noted, 
but did not implement by adopting an appropriate generic name 
indicating the striking similarity, is much more than superficial 
and is evidence of close relationship. At a later date Starkie 
Gardner expressed the opinion that leaves closely agreeing with 
Heer’s Populus arctira should be included in the genus Baehmeria, 
a member of the nettle family (Urticacese). A comparison of the 
fossil and recent leaves does not lend support to this view. In 1922 
Professor E. W. Berry of Johns Hopkins University proposed the 
generic name Trochodendroides for Heor’s Populus arctica and for 
similar leaves from a Tertiary flora in Texas. Four years later 
Berry described other Tertiary leaves from localities near Vancouver 
in Western Canada as Trochodendroides arctica. (— Heer’s Populus 
arctica). He wrote : “ if the reader will compare the accompanying 
figures (i.e. the drawings published in his paper) with the leavw of 
the existing genera Tetracentron and CercidiphyUum he will find that 
they can be exactly matched.” The name Trochodmdroides was 
chosen by Berry for fossil leaves which were probably borne by 
trees of the family Trochodendraceae. It is a little unfortunate 
that this name was adopted because it suggests affinity to the 
Chinese Trochodendron, a genus included by some botanists with 
CercidiphyUum in one family, the Trochodendraceae. The genus 
Tetracentron is no doubt closely related to CercidiphyUum, its leaves, 
tlmugh rather larger and relatively longer, are very aimilar : the 
family Trochodendraceae is recognised as a family distinct from the 
Cercidiphyllaceae. It may be pointed out that leaves of a living 
species of Pepper, Piper excelsum of Now Zealand, while they agree 
closely with the Arctic leaves in size and venation, differ from them 
in certain details. Though absolute proof is lacking, my belief » 
that Professor Berry is correct in regarding Heer’s Populus arctica 
and Orewia crenata as generically the same as CercidiphyUum and 
indeed very nearly related to the existing species. Some of the 
Arctic fossils are indistinguishable from Tetracentron leaves and it 
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is by no means always possible to decide whether their affinity is 
nearer to that genus or to CeroidiphyUum. It is perhaps reasonable 
to offer the opinion that these allied Far Eastern genera once existed 
side by side in Arctic floras, and that in the Tertiary period the 
present comparatively slight differences between them had not 
become definitely established. Valuable confirmatory evidence of 
the relationship of the Arctic trees to Cercidiphyllum and Tetracentron 
has recently been furnished by Dr. Mathiesen of Copenhagen, who 
discovered that some petrified wood from Tertiary localities in East 
Greenland, Sabine Island and Cape Dalton (lat. 74“ N.), which was 
found in association with leaves like Cercidiphyllum, bears an 
anatomical resemblance in certain features to the wood of 
Cercidiphyllum and Tetracentron. 

Trochodendroidee ardica, adopting for the present Berry’s rather 
misleading name, had a very wide distribution on the Arctic 
Continent in the early days of the Tertiary period; it is recorded 
from Ellesmere Land, Grinnell Land, Greenland, both from the 
western and the eastern border, Spitsbergen, Sakhalin Island, the 
Mackenzie River and other localities in Northern and Western 
Canada (see Map). The same type of leaf has been found in Alaska, 
Oregon, Nebraska, California and Texas. A short time ago Pro¬ 
fessor Chaney of the University of California wrote to me as follows : 
“ Your inquiry regarding the occurrence of leaves of Cercidiphyllum 
is of exoewiingly great interest. Within the past year Dr. R. W. 
Brown and I have definitely determined that leaves previously 
referred to Orewia crenata in Miocene floras of Western America are 
referable to this Asiatic genus.” 

An examination of exceptionally well-preserved leaves in the 
large collection of Tertiary plants brought from the Island of Mull 
by Mr. Starkie Gardner and now in the British Museum convinced 
me that some of the specimens are undoubtedly generically identical 
with Cercidiphyllum and indistinguishable by any features of taxo¬ 
nomic importance from the Arctic species, which Heer called 
Populue ardica. Records of the same t 3 rpe of leaf might be quoted 
from more southern localities in Europe. Enough has been said 
to show that in the earlier part of the Tertiary period forest trees 
with foliage almost identical with that of the two genera Cerci- 
diphyUum and Tetracentron, both confined within comparatively 
narrow boundaries on the mountams of China and Japan, encircled 
the north polar region and extended well into temperate latitudes 
in America and Europe. Assuming, as I believe we may, a close 
relationship of the fossil to the living species, the facts that have 
been briefly and incompletely stated furnish an exceptionally 
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remarkable and, to my mind, cogent argument in support of an 
Arctic origin of genera that now survive in a Far Eastern refuge. 

The two kinds of Plane, the Oriental Plane, PluUmus oritntoliSy 
and the so-called London Plane, P. acerifolia, are commonly culti¬ 
vated in England. It should be noted that the name Sycamore, 
which in England connotes a species of Acer, is used in America for 
the Plane tree. Platanua acerifolia, believed to be the result of a 
cross between the Oriental and the Occidental Plane, is often planted 
on roads near towns. It is difficult accurately to determine the 
number of recent species, but there are about half a dozen, all of 
which, with the exception of the Oriental Plane and the London 
Plane, are native in eastern and western North America, Mexico and 
Central America. Platanus orientalis is cultivated in Northern 
India, but its home is in the Near East, in Greece, the Greek islands, 
the shore of the Adriatic and in Asia Minor (for a map showing the 
present distribution, see Seward, 1925, in the list of References, 
p. 217). The most impressive example of the Oriental Plane known 
to me is in the island of Cos in the iEgean Sea : its gigantic twisted 
branches spreading from the ruins of a noble trunk produce an 
impression of great age and almost persuade one to accept the local 
legend that it was under the shade of this tree that Hippocrates 
(bom in Cos about 460 b.o.) prescribed for his patients. It is 
impossible to say what its age may be ; it carries one’s thoughts 
back to a long line of ancestors reaching far beyond the limits of 
human history. Platanus must have been one of the most wide¬ 
spread genera in Cretaceous forests in Arctic regions, in North 
America and in Europe. In some of the sedimentary rooks upraised 
from a Cretaceous and Tertiary estuary in Western Greenland 
beautifully preserved leaves are abundant and in some places they 
are associated with the characteristic ball-like clusters of fruits. 
Similarly in Cretaceous rocks of Bohemia, Germany and other 
European countries considerably north of the present area of distri¬ 
bution in the Old World the genus is represented by many readily 
recognisable specimens. Fruits and leaves are recorded also from 
a Tertiary locality in northern Siberia. Specimens have been 
obtained from the Tertiary coal-bearing beds of Spitsbergen rivalling 
in breadth the largest leaves of the Oriental Plane. There are also 
splendid examples in the British Museum collection from the island 
of MuU. At a still later stage, in the Pliocene flora of North Ammca 
and France, the genus was still flourishing several hundred miles 
west of its present area. Many fossil species have been described 
and there can be little doubt that in the Cretaceous and Tertiary 
periods Platanus was not only more abundant than it is now, but 
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was also represented by species exhibiting a greater range in leaf- 
form than we find in the living descendants. Examination of the 
leaves on a living tree, including those borne at the base of an old 
stem, and a comparative study of herbarium specimens makes one 
despair of any satisfactory delimitation and accurate definition of 
extinct species. The significant fact is that the present geographical 
distribution of the genus is far more restricted than the area over 
which it formerly spread. Another important point is that Platanus, 
like many other Dicotyledons, may very Ukely have had its original 
home in polar lands. 

One of the most astonishing instances of long-distance travel 
from polar regions to the tropics is furnished by the fossil records 
of the Breadfhtit tree {Artocarpus). The genus, though widely 
cultivated in the warmer parts of the world, is native in the Indo- 
Malayan region and in China and does not extend beyond a line 
drawn through the north-eastern comer of the Peninsula of India 
to the eastern sea-board. WeU preserved leaves almost identical 
in size and shape with those of the recent species Artocarpua inciaa 
and pieces of both male and female infiorescences have been described 
from Cretaceous rooks in Greenland 300 miles north of the Arctic 
Circle. There is also satisfactory evidence of the ooourrenoe of the 
genus in the Miocene forests of Switzerland and in the older Tertiary 
floras of several parts of North America. 

It is contrasts such as this which raise in an acute form the 
problem of climatic change in the course of geological history. My 
immediate purpose is not to discuss p<^ible explanations of the 
disconcerting restdts of palssobotanical enquiry, but rather to 
emphasise the desirability of collecting evidence from the rocks in 
order that we may be in a better position to connect the present 
with the past. The value of fossil plants as criteria of climatic 
conditions was briefly considered in my article on the Flora of the 
London day (Soibkoe Pboobbss, July 1934). 

Many years ago descriptions were published of supposed fossil 
representatives in the northern hemisphere of flowering plants 
belonging to the family Proteacese and, as a natural consequence, 
much discussion followed this provocative pronouncement. It was 
strenuously denied that any trustworthy evidence had been pre¬ 
sented, and there is no doubt that many of the leaves regarded as 
ProteaceouB are incorrectly named and valueless as records; some 
of them could be referred with greater confidence to genera of other 
families. The ProteeMsee are now confined to a broad belt in the 
southern hemisphere stretching frrom Chili and tropical South 
America through South Africa and the mountains of tropical Africa 
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to Australia, New Zealand and New Caledonia. The question is 
whether this family was ever represented in the Temperate and 
Arctic floras of the northern hemisphere. A critical examination of 
the material which has been accumulated since the first announce* 
ment of the discovery of northern fossil species is greatly to be 
desired ; this it is hoped to undertake in the future. My belief is 
that not a few of the specimens from Cretaceous and Tertiary rooks 
in North America and Europe have been correctly assigned to the 
ProteaoesB ; but this is merely a tentative opinion. 

An analogous case for further enquiry is presented by the genus 
Eucalyptusy which includes well over 300 species of Australian trees, 
some of which can be grown in the warmer districts of this country. 
There are a very few species in the Malayan region and New Guinea : 
it is par excdleuce the characteristic tree of the Australian flora and 
by far the tallest flowering plant in the world, probably in some 
instances exceeding in lieight the giant Redwoods of CaUfomia. 
Records of Eucalyptus leaves and fertile branches from northern 
hemisphere rocks are numerous and some of them furnish clear 
evidence of the occurrence of this Australian tree in both Cretaceous 
and Tertiary floras. But a critical review of the paheobotanioal 
data must be postponed to a later date. 

In this connection another member of the Eucalyptus family 
(Myrtaceae), the genus Lcptoapermumy merits a brief referenoe. 
Leptospermum is now Malayan and Australian and is a characteristic 
New Zealand genus. Several years ago specimens of fruits hardly 
distinguishable from those of recent species were described from a 
Tertiary locality in south-western Russia and much more recently 
both fruits and leaves were discovered in northern France. In an 
unpublished paper Miss Conway and myself have adopted the 
generic name Leptospermites for clusters of fruits from Greenland 
that are either Cretaceous or Tertiary. In all probability this 
Myrtaceous genus, now confined to a remote region in the southern 
hemisphere, had its birthplace in the far north. 

Conclusion 

In the vegetation of the world there are not a few plants entitled 
to be called cosmopolitan; some of them exhibit a remarkable 
range of tolerance and appear to be able to adjust themselves to 
very different climates and situations. There are other plants 
living in isolation, isolated because of the narrowness of their spatial 
boundaries and as members of the plant-kingdom characterised by 
unusual and distinctive features. One conclusion that emerges &pm 
a survey of the world’s vegetation at different stages of geological 



PLANT MIGEATION KKVBALBD BY FOSSILS 217 

history, so far as such survey is possible, is that the present areas 
of distribution often bear very little relation to those revealed by 
the scanty records of the rooks. Plants which still occupy broad 
domains may be descended from an ancient stock, but on the other 
hand they are in many instances comparatively recent entrants on 
to the world’s stage, which are still in the heyday of youth. Plants 
living within a restricted territory are very often a depauperated 
rearguard of a much larger company that in earlier days had success¬ 
fully colonised a more extended region in parts of the world far 
distant from their present homes. 

It would seem that there has been a tendency throughout 
successive periods of geological history, almost indeed since the 
earlier ages of the Palaeozoic era, for plants to wander over continents 
through many degrees of latitude, from lands that are now glacial 
or destitute of trees to the heart of the tropics. The present occur¬ 
rence of a family, a genus, or a species in one relatively small area, 
or in two or three discontinuous areas, is the result of partial extinc¬ 
tion in a formerly continuous and wide area of occupation. These 
and many other aspects of plant-distribution can only be appreciated 
in their full value by supplementing an examination of existing 
floras by the investigation of the random samples saved by Nature 
from the forests of other days. 
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THE OPTICAL ANISOTROPY OF COLLOIDAL 

SOLUTIONS 
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Optical anisotropy, so characteristic in many colloidal solutions, 
manifests itself generally in the fact that external forces—mechani¬ 
cal or magnetic forces, etc.—^may cause a colloidal solution which 
is naturally isotropic to become anisotropic towards polarised light ; 
it may become, for instance, double refracting and dichroic [1]. 

In plane polarised light the vibrations are lying in one plane, 
and it is mostly obtained by letting normal light pass through a 
Nicol prism. If two Niools are put up so that their planes of 
polarisation are perpendicular, no light is able to pass : the visual 
field is dark and it remains dark if an isotropic substance, water or 
an aqueous solution, for instance, or a plate of glass, is brought 
between the nicols. But an anisotropic substance, a plate of a 
crystal belonging, for instance, to a uniaxial system and out parallel 
to the optical axis, lets the visual field brighten up, provided that 
the optical axis does not lie in one of the planes of polarisation : 
the plate is double refracting. The brightening up of the visual 
field between crossed nicols is always distinctive of double refrac¬ 
tion. 

Quite a number of colloidal solutions show the following be¬ 
haviour : if one of these sols, for instance an old sol of vanai^um 
pentoxide, VjO*, contained in a cell, is brought between crossed 
niools, the visual field remains dark ; but it brightens up as soon 
as the fluid is stirred. This is the phenomenon of stream double 
refraction [2]. Double refraction may also be produced in sols of 
this kind by bringing the cell with the fluid between the poles of 
a magnet, the beam of light passing between the poles. This is 
magnetic double refraction, the first conspicuous phenomenon of 
this nature discovered by Majorana [3] in 1902 m colloidal solutions 
of iron-oxide. The electric current also causes double refraction 
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in Bols belonging to this group, but this phenomenon is more oom- 
plicated than the two mentioned and has not been investigated so 
thoroughly [4]. 

One point which is going to be discussed more fully later on 
may be mentioned now, namely that in all these cases the main 
effect of the external force consists in arranging the anisometric, 
i.e. rod or plate-like, particles of the sols in a regular way, for in¬ 
stance, parallel to each other. 

The quantitative side of this kind of anisotropy may be made 
clear by the following experiments. If a beam of mono-chromatic 
light passes through a glass prism, it shows the weU-known path 
first investigated by Newton. If a prism is cut from a double 
refracting, uniaxial crystal, and if it is cut so that the optical 
axis is normal to the triangular cross section, two waves of light 
pass through the crystal having different indexes of refraction ; 
the two beams are polarised normally to each other. The double 
refraction d is simply the difference of the two indexes of refrac¬ 
tion and : 

S = 71^ 71 j . • • . .1 

71^ belongs to the so-called extraordinary ray whose vibrations are 
parallel to the optical axis, to the ordinary ray whose vibrations 
are normal to the optical axis. Double refraction is called positive, 
if 71^ ;> n' ; negative, if This experiment is not easily 

performed : crystals large enough to be cut as a prism are rarely 
foimd. But the experiment is not nearly as difficult in the case of 
stream double refraction. One only needs a tube with a triangular 
cross section, filled, for instance, with an old sol of VtOs. As long 
as the fluid is at rest, a beam of light passing through the tube 
behaves as if the tube was filled with water or as if it were a glass 
prism. But as soon as the liquid flows, the beam is split into two 
beams which are normally polarised to each other. The indexes of 
refraction of these two beams may be measured ; their difference 
is the stream double refraction. The optical axis of the flowing 
liquid is practically parallel to the direction of flow. One is able 
to decide whether the double refraction is positive or negative, by 
determining the beam whose vibrations are parallel to this direc¬ 
tion. VtO#-wl turns out to be positively double refracting. 

In order to make similar experiments with magnetic double 
refraction, the poles of the magnet would have to be above and 
below the triangular tube. 

The methods actually used for measuring the double refraction 
of colloidal solutions caused by streaming or by a magnetic field 
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axe indirect and more complicated, but also more exact [6]; they 
need not be discussed here. 

The two beams of light passing through the flowing, double 
refracting liquid may also be absorbed to a different degree, or more 
correctly, they may be extinguished to a different degree. For 
extinction may have two causes [6] : it may be due to the true 
absorption of the particles contained in the sol. This phenomenon 
is called dichroism ; it is measured by the difference of the absorp¬ 
tion coeflficients of the two rays. But extinction may also be in 
part due to the fact that the so-called T 3 mdall-light, i.e. the per¬ 
centage of light diffracted and scattered sideways, differs regarding 
the two beams. This phenomenon is called dityndallism. It is not 
easy to distinguish between dichroism and dityndallism. 

The optical anisotropy of colloidal systems comprises a great 
many possibilities. The external forces may vary: mechanical, 
magnetic and electric forces have been mentioned already. But 
that is not all. In concentrated sols there may be a tendency of 
the particles to become orientated spontaneously, rod-shaped particles 
forming flame-shaped, double refracting spots, in which they lie 
parallel to each other; such orientated groups are called tactoida, 
the remainder of the sol, only containing non-orientated, but also 
rod-shaped paiticles, is the cdacioaol [7]. 

Light may also act as an orientating force.—The colloidal systems 
influenced by light in this way are not sols, it is true, but gels ; yet 
these two kinds of colloidal systems are so closely related that this 
orientating action of light deserves to be mentioned here. Weigert [8] 
was the first to discover that, if films of gelatine containing particles 
of photochloride or of a suitable dyestuff are illuminated by planely 
polarised light, a dichroic and double refracting spot is produced. 
The optical axis ” of the dichroism of this spot depends upon the 
plane of vibration of the polarised light. 

In a similar way circularly polarised light, illuminating a layer 
of photochloride, produces a spot which shows circular dichroism 
and optical activity, i.e, circular double refraction. This was the 
first case, found by Zooher and Coper [9], where optical activity was 
called forth by purely physical means. 

The anisotropic properties produced in colloidal systems by these 
external forces have been mentioned already, all three: double 
refraction, dichroism and dityndallism. They are not independent 
of each other : dichroism and double refraction are correlated by 
a rule stated by Zooher [lOj and found to hold very generally. 
The same rule correlates circular dichroism and circular double 
refraction, i.e. optical activity. 
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Filially, oharaoteristio differences may arise, if oases of optical 
anisotropy are investigated maorosoopically or with a microscope. 
Maorosoopio dityndallism is due to the amount of light diffracted 
by the colloidal particles and depends upon the direction in which 
the particles are illuminated. In sols with rod- or plate-like 
particles dityndallism may show itself in beautiful streaks [11] 
which appear when the liquid is stirred; these will be discussed 
more fully later on. The amount of diffracted light is, on 
the other hand, instrumental in causing the visibility of these 
particles under the ultramicroscope. Rod-shaped particles, for 
instance, are only strongly visible, when the illuminating light 
strikes them normally to their long axis. Using an ultramicroscope, 
having a favoured direction of the illuminating light, as is the 
case with the slit ultramicroscope, only those rod-shaped particles 
are visible which have a suitable position. In the cardioid ultra- 
microscope, on the other hand, the illuminating light is naturally 
all-sided; here em instrument, like the azimuth diaphragm [12], 
becomes valuable, which makes it possible to cut out any direction 
of the illuminating light. 

The recent development of this line of research has been specially 
successful in two directions. The investigations, mentioned so far, 
have perhaps not always distinguished strongly enough between 
the different kinds of forces causing optical anisotropy. A closer 
investigation has shown that, for instance, magnetic double refrac¬ 
tion behaves very differently from stream double refraction in some 
important points ; magnetic double refraction not only depending 
upon the shape of the particles, but also upon their chemical nature. 

Secondly, on old hope was fulfilled which was raised when stream 
doable reflation was first discussed: the double refraction of 
muscles could be explained to a marked extent on the ground of 
what was known about the optical anisotropy of other colloidal 
systems. 


11 

1. As mentioned above, stream double refraction is due to the 
fact that the particles, originally being distributed at random in the 
liquid, when at rest, are orientated, as soon as the liquid flows [13]. 
This orientation is caused chiefly by the friction between the par¬ 
ticles and the surrounding liquid. It is essential that the particles 
are not spherical; obviously spherical particles cannot be orientated 
by the movement of a liquid. These forces of friction favour an 
orientation of rod-shaped particles, for instance, with their long 
axes parallel to the lines of flow, on the whole. In concentrated 
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sols foroeB of attraction between the particles influence orientation 
too. That the particles are actually orientated by the flow of a 
liquid, could be seen directly under the ultramicroscope using a 
V 2 O 5 H 30 I whose particles are pronouncedly rod-like [14]. 

It is remarkable that this orientation of non-spherical particles 
alone is sufficient to produce a system which is double refracting. 
The particles may consist of an amorphous substance or be ci^tals 
belonging to the regular, not double refracting system of crystals. 
If they have the shape of rods or lamellflc and are orientated regularly, 
they produce a system which is double refracting, as was shown by 
O. Wiener [15]. This is the co-called rod or lamellar double refrac¬ 
tion. 

Better known and more easily understood is the actually less 
simple case that the particles are small crystals having an intrinsic 
double refraction, because they belong to one of the crystal systems 
naturally showing double refraction. As long as the liquid is at 
rest, the particles are distributed so irregularly that the double 
refraction due to each single particle is extinguished on the whole ; 
the colloidal solution, as it is, is not double refracting. But when 
it flows, layers of ^'orientated particles, having an intrinsic double 
refraction, are formed, and such a layer would behave like a plate 
of a crystal. If we are dealing, for instance, with rod-shaped crystals 
of a uniaxial system lying parallel to the lines of flow, the layer 
would be like a plate of the crystal, cut parallel to its optical axis. 

Pure cases of rod or lamellar double refraction are not found 
frequently. Lamellar double refraction is shown by aqueous sols 
of gold and silver [16]. These generally have a weak stream double 
refraction, although their particles have the normal X-ray spectrum 
of gold or silver ; that is to say, they are crystals belonging to the 
regular system and they therefore ought not to be double refracting 
at all. But the crystals in these sols aj'e formed very quickly and 
not very regularly. Owing to this they are not well-defined cubes 
or octahedra, as they might be, but lamellae which cause a lamellar 
d 6 uble refraction, when orientated. 

Wiegel [17] was able to prove the lamellar shape of the particles 
of these Ag-sols in a fairly direct way. He worked out a nuclear 
method of preparing evenly grained Ag-sols with particles of different 
size. By a quite gradual change of the experimental conditions 
much larger Ag-particles could be produced which formed a rough 
suspension; they were visible under the microscope as distinctly 
plates. Ag-sols prepared in practically the same way, only using 
somewhat different concentrations of the reacting substanoesi had 
particles of colloidal size and were stream double refracting* 
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X-ray speotroBoopy shows that the partioles in stream double 
refracting V|Ot- and iron oxide-sols ore small crystals belonging 
to crystal systems which have an intrinsic double refraction. This 
is the main cause of the double refraction of these sols. Yet, rod 
or lamellar double refraction has to be taken into account to a cer¬ 
tain extent too, since the particles have a rod- or plate-like shape. 

Hence the total double refraction is the sum of intrinsic and 
rod double refraction. In the case of stream double refracting sols 
it is not easy to decide to what extent the one or the other con¬ 
tributes to the total birefringence. Yet, this problem may be 
solved in the case of double refracting gels, and a case of this kind 
will be discussed in section Ill. 

This discussion leads to the following results: if a sol shows 
stream double refraction, its particles are undoubtedly anisometric ; 
they are not spheres or cubes, etc., but rods or plates. One is 
therefore able to judge of the shape of particles in colloidal 
solutions by examining them as to their stream double refraction. 
An apparatus introduced by Zocher [18] is generally used for 
this purpose; the light is polarised by reflexion on two sets of 
glass-plates, and analysed by a nicol. The colloidal solution, con¬ 
tained in a oylindricai tube, is brought into the beam of light and 
rotated there ; looking through the niool, a black cross is seen 
in a bright field, provided that the sol is stream double refracting. 
This phenomenon is easily understood. Assuming the partioles 
to be rod-shaped, they are orientated practically in concentric 
circles. The visual field is brightened up, where the long axis of 
a particle forms an angle with the directions of polarisation; it 
remains dark, where this axis is parallel to one of these directions. 

Dit 3 mdallism allows one to detect deviations from a spherical 
shape even in a simpler way, provided that the anisotropy of shape 
is sufficiently pronounced. In old sols of V»0„ for instance, beauti¬ 
ful, glossy streaks appear on stirring, as mentioned above; they 
disappear when the fluid settles to rest again. The explanation 
of this behaviour is that on stirring currents of different direction are 
produced in the liquid, the particles always being orientated practi¬ 
cally parallel to the lines of flow. The Tyndall-light scattered side¬ 
ways is of different intensity and of different colour, according to the 
angle which the long axes of the partioles in a given current forms 
with the direction of the incident beam of light and with the 
direction of vision. Thus neighbouring currents contrast with each 
other. 

If this method is developed in a more detailed form, one is able 
to decide, with a high degree of probability, whether one is dealing 
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with rod-shaped particles or with lamellsB [19]. The amount of 
Tyndall-light scattered laterally depends largely on the siizse of the 
prides ; it increases as the second power of the size, as long as 
the particles are sufficiently small compared with the wave-length 
of the incident light. If polarised light hits a rod-shaped particle, 
the direction of vibration lying parallel to the long axis, the amount 
of light scattered is large. It is very small if the polarised light 
hits the particle in such a way that the direction of vibration is 

parallel to one of the short axes 
of the rod. In the case of plate¬ 
like particles the conditions are 
different: a large amount of light 
is scattered in two main positions, 
the direction of vibration lying in 
the plane of the lamella ; but only 
a small amount is scattered when 
the direction of vibration is normal 
to this plane. 

It would lead too far to dis¬ 
cuss all the subtleties of this 
phenomenon. Fig. 1 shows an 
apparatus which may be used for 
investigating this question and 
which allows one to change the 
direction of the incident beam of 
polarised light and the direction 
of view at will, A tube with a 
rectangular cross section may be 
illuminated from one side or from 
behind or from above, and the 
fes J flowing liquid may also be looked 

Fia. 1. one of these directions. 

Finally light of a different plane 
of polarisation may be used. The intensity of the Tyndall-light 
and, to a certain extent, its colour too are changed, as soon 
as the liquid flows ; for the particles are orientated by the flow¬ 
ing liquid and a certain percentage of them is brought into a 
new position toward the beam of incident light. Combining in 
different ways the characteristic directions mentioned, it is found 
that the Tyndall-light changes in some cases in a different sense, 
when the liquid contains rod-shaped particles as it does, when the 
particles are plate-like. In this way it was proved that particles of 
old iron oxide sols, prepared by Graham’s method, are not rod- 
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shaped, but lamellae, whereas those of VtOs sols are most pro* 
nounoedly rod-like. 

2. In the case of magnetic double refraction [20] the shape of the 
particles is of great importance too. If the particles are amorphous 
or are crystals of the regular system, their orientation in a magnetic 
field mainly depends upon their shape : a cylinder of a homogeneous 
paramagnetic substance is orientated with its long axis parallel to 
the lines of force, that of a diamagnetic substance normally to these 
lines. If the particles are crystals belonging to other crystal sys¬ 
tems, however, the susceptibility may be different in one direction 
from that in another. There is always a tendency of such a crystal 
to be orientated in a magnetic field with the axis of largest suscepti* 
bility parallel to the lines of force. Hence there are two infiuences 
competing in regard to orientation of crystals not belonging to the 
regular system : an external anisotropy owing to the shape of the 
particle, and an internal anisotropy, caused by the difference in 
susceptibility, when determined for one or the other axis. It is, 
for instance, quite |)Ossible that in a needle-shaped crystal the sus¬ 
ceptibility has its largest value in the direction of a short axis, and 
the needle might therefore be orientated with its long axis normally 
to the lines of force, not parallel to them, as would be the case if 
the external anisotropy prevailed over the internal anisotropy. 
Obviously a very manifold behaviour of magnetic double refraction 
may be expected, with a strong influence of the chemical nature and 
the crystal structure of the particles; their shape is not the only 
decisive parameter. 

It is easily understood that, whereas a sphere is not orientated 
in a flowing liquid, it may be orientated in a magnetic field ; it only 
need be cut from a crystal, whose susceptibility depends upon its 
crystal structure; the sphere would be orientated in such a way that 
the axis of maximum susceptibility stands parallel to the lines of 
force. 

Magnetic double refraction actually behaves in a fairly com¬ 
plicated way. There are certainly quite simple cases like that of 
the ViOf--Bol. It always shows a positive stream double refraction 
and a positive magnetic double refraction, independently of the 
flux density of the magnetic field. Since the small, crystalline 
particles of this sol are rod-shaped and most likely weakly para¬ 
magnetic, this signifies that they are always orientated with their 
longest axis paraUel to the lines of flow and of magnetic force. 
There also exist sols and suspensions of iron compounds which 
show a simple behaviour in regard to magnetic double refraction* 
Hematite very finely powdered may be peptised to a fairly stable 
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suspension. This has a positive double refraction 6 —in an arbitrary 
unit, except in the case of Fig. 6—which grows steadily with 
increasing flux density H (in Gauss) and reaches a state of satura* 
tion at low flux density values (of. curve I in Fig. 2). Practically 
the same curve is found in sols, prepared by hydrolysing iron salts 
at high temperatures (curve II in Fig. 2). One is justified to assume 
that they mainly contain iron oxide as so-called a-FeaO,, the 
substance forming hematite. 

Yet, oases of such a simple behaviour were found but a short 
time ago, when Heller investigated magnetic double refraction of 
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sols very thoroughly. All the older experiments by Majorana [21], 
Sohmauss [22], Cotton and Mouton [23] were performed with 
so-called Graham sols.—They are prepared by dialysing solutions 
of iron salts such as FeCl*, having a suitable p„, at room tempera* 
tiwe. The sols used in these experiments had mostly been heated 
mildly for a shorter or longer time.—Their behaviour was dis* 
couragingly complicated: the magnetic double refraction was in 
some cases positive, in others negative, very often it was positive 
for small values of flux density, inverting to negative values when 
the flux density grew larger. Cotton and Mouton were at a loss 
how to explain this extraordinary behaviour; the only possible 
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explanation seemed to be that these sols might oontain particles of 
different chemical constitution, perhaps both particles of a basic 
salt and of an oxide or a hydroxide, and their properties as to 
shape, susceptibility, etc., might be very different. 

But Heller showed that this explanation need not be the true 
one. He found that sols prepared by oxidising Fe(CO)6 with HiOt 
behaved in the very same way, although they oontain undoubtedly 
exclusively particles of goethite, a characteristic, crystalline 
hydroxide, FeO(OH). The X-ray diagram of the particles of these 
sols shows only linos of this substance. The most plausible explana¬ 
tion is therefore that the complicated behaviour found by Oitton 
and Mouton is due to an antagonism between internal and external 
anisotropy as discussed above. 

It is not easy to disentangle these rather complicated correla¬ 
tions. They are simplified to a certain extent if homodisperse or 
evenly grained sols are used instead of the heterodisperse ones 
containing particles of different size.—Homodisperse sols of goethite 
may bo prepared by dialysing solutions of suitable iron salts, for 
instance of iron acetate, at low temperatures. If this hydrolysis 
proceeds sufficiently slowly, the particles produced are small and 
fairly equal in size. X-ray analysis proves them to consist of 
goethite [24].—These evenly grained sols do not show such a com¬ 
plicated behaviour as do the heterodisperse goethite sols, just 
mentioned: the magnetic double refraction is positive at first 
(curve I in Fig. 3) and increases, as the sol grows older (curve II 
in Fig. 3); but as soon as the sol has attained a certain age, the 
double refraction diminishes again : there comes a time when the 
sol shows no double refraction at all (curve III in Fig, 3), indepen¬ 
dently of the value of flux density ; after that the double refrac¬ 
tion turns negative and goes on growing in this inverse sense till a 
maximmn value is reached (curve IV in Fig. 3). 

According to Heller the explanation for this behaviour might 
be as follows : as long as the sol is young, the external anisotropy 
predominates; the particles are most likely very thin plates—or 
possibly needles—which are orientated with their long axis in the 
lines of force ; double refraction is positive. In course of time the 
particles grow, as a rule plates tend to become thicker. Owing Ao 
this, the external anisotropy diminishes relatively, whereas the 
mtemal anisotropy might make itself felt more strongly. Now, 
provided that the susceptibiUty in a direction normal to the longest 
axis has the highest value, a point may be reached, in course of 
time, where the internal anisotropy outweighs the external aniso¬ 
tropy ; then the particles are tilted over, they are orientated with 
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their longest axis normally to the lines of force, the double refrac¬ 
tion turns negative. When external and internal anisotropy are 
equally large, they compensate each other, the particles are not 
oriented any more, no double refraction is observed. 

In fairly old sols of goethite, prepared by oxidising Fe(CO)„ 
which are heterodisperse and thus contain particles of different 
size, such complicated curves are found as shown in Fig. 4, curves 
III and IV : positive double refraction at low values of flux density, 
negative double refraction at high values. Considering the com¬ 



petition between external and internal anisotropy this may be 
explained as follows ; when the flux density is relatively small, the 
orientation of the larger particles is favoured, since they are com¬ 
parably very thin, i.e. they have a strong external anisotropy ; their 
positive double refraction may therefore outweigh the n^ative 
double refraction of the smaller particles. At higher values of flux 
density the smaller particles, which are less anisotropic externally, 
are orientated to a growing extent, the internal anisotropy makes 
itself felt more and more, till the negative double refraction, caused 
by the internal anisotropy, outweighs the positive double refraction. 
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The most direct experiments showing the truth of these assump¬ 
tions have not been carried out yet. The following points ought 
to be tested : are the large particles actually orientated with their 
longest axis lying parallel to the lines of force ? This might perhaps 
be done using the ultramioroscope. Do the particles really grow 
in such a way that those axes, which are shorter originally, increase 
relatively more than the longest axis ? In other words; do the 
plates mainly become thicker ? Lastly ; is the susceptibility in a 
small axis really larger than the susceptibility in the longest axis ? 



But some indirect experiments agree very well with Heller’s 
assumptions. In concentrated and somewhat aged sols of goethite 
the larger particles have a tendency to sediment in course of time. 
If such a sol remains undisturbed in a high cylinder, the liquid near 
the bottom shows a different behaviour as to magnetic double 
refraction than the liquid above: the double refraction of the 
lower portion is strongly positive and reaches a value of saturation 
at low flux densities. That is just what might be expected with 
an excess of larger particles, having a strong external anisotropy 
and being orientated parallel to the lines of force. The upper portion 
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of the liquid has still a positive double refraction ; but it is weaker 
than the double refraction of the lower portion. The larger amount 
of small particles contained in the upper portion causes a stronger 
negative double refraction, and therefore the positive value in the 
bulk is reduced. 

The following experiment points in the same direction : if a sol 
of goethite is stirred vigorously, it is coagulated to a certain extent ; 
particles are thus produced which have extreme values of external 



anisotropy. This is proved by the fact that the sol shows beautiful 
streaks on stirring, whereas the original sol, even one which has aged 
for a fairly long time, does not show them at all. The magnetic 
double refraction of sols, partly coagulated by stirring, is positive 
and very strong (curve II in Fig. 6), just what ought to be expected 
on the assumptions discussed previously. Curve I in Fig. 6 shows 
the behaviour of d in the same sol before being stirred. 

Sols of hematite and goethite are not the only distinctive osees. 
F^hly prepared Graham sols, even concentrated ones, show 
extremely low values of magnetic double refraction whose increase 
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with flux density is practically linear. This behaviour may still 
be observed after the sols have aged for a year or so. They 
contain most likely a basic iron chloride or several oompoimds of 
this kind. Bohm [26] has found that also their X-ray spectrum 
cannot be identified with the spectrum of any known oxide or 
hydroxide. 

In course of a longer time or on being mildly heated these sols 
become more strongly double refracting. The birefringence pro¬ 
duced in this way behaves as a rule exactly as if it was caused by 
particles of goethite. This agrees with the fact that in very old 
Graham sols, aged twenty years and more, a sediment of a fine 
powder is frequently found giving the X-ray spectrum of goethite. 
Heated sufSciently strongly these sols also might contain hematite 
particles. 

Evidently magnetic double refraction has proved a valuable 
method for identifying the chemical nature of the particles in sols. 

in 

The question was discussed fairly soon, whether the special 
behaviour of the birefiringenoe of muscles might not be correlated 
in some way or other with the stream double refraction as it is 
shown by sols with non-spherical particles. But facts did not seem 
to meet this hope : no protein (or other substance) could be extracted 
from muscles or be detected in other natural products having 
marked stream double refraction till a few years ago. Then it was 
found that there commonly occurs in muscles a protein whose solu¬ 
tions are strongly stream double refracting [26]; its rather excep¬ 
tional behaviour had made its discovery difficult. It is a globulin, 
called myosin, which only dissolves in fairly concentrated salt solu- 
tkms; fiesh, chopped muscles have to be treated with a cold 
1*2 molar KCl solution of a p_ of about 8 in order to extract the 
myosin. It is precipitated quantitatively, if the KCl concentration 
decreases down to O-l—0*06 molar. 

Concentrated solutions of myosin are viscous liquids, showing 
a strong Tjmdall effect; owing to it they look blue in reflected 
light, golden yellow in transmitted light. They are pronouncedly 
stream double refracting cuid behave quite similsu-ly to V|0«-sols : 
on rotating the solution in a cylinder between crossed niools the 
black cross appears—^the cross of isocline—and the positive double 
refraction increases strongly with the velocity of flow. In some 
points there are oharaoteristio differences: the solutions of myosin 
do not show that tendency to age so distinctive of ViOr-sols. 
Therefore the angle of the cross of isocline is independent of the 
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age of the sols, and this also applies to the curves showing the 
relation between birefringence and rate of flow. Obviously the 
particles in the myosin sols remain unchanged, whereas the micro- 
crystals in VtOj-Bols gradually grow in course of time. The shape 
of the curves, just mentioned, is also different from the shape of 
the corresponding curves of Va 04 *-Bol 8 ; these curves do not tend 
to reach a saturation value at higher rates of flow ; in the case of 
myosin sols the birefringence seems to increase proportional to the 
rate of flow, as soon as the latter has reached a certain value. 

It is most probable that myosin is exclusively the substance 
which is responsible for the double refraction of muscles. This has 
been proved chiefly by comparing the behaviour of muscle fibres 
or, more correctly, of the so-called anisotropic discs in cross- 
striated muscles with that of a gel prepared from myosin sols [27]. 
Although this paper deals mainly with anisotropic sols, the aniso¬ 
tropy of this gel deserves to be discussed more fully, since it allows 
us to distinguish intrinsic double refraction from rod double refrac¬ 
tion, a problem not easily solved in the case of sols, as was men¬ 
tioned previously. 

This myosin gel was prepared in the following way : a solution 
of myosin is squirted into pure water or an aqueous electrolyte 
solution of suitable concentration ; it solidifies forming a thread. 
In the latter the myosin particles are orientated with their long 
axes parallel to each other. This is proved by the X-ray diagram, 
obtained with a bundle of stretched myosin threads. It is a 
spot-diagram, as is produced when microcrystalline particles 
are orientated, for instance, with their longest axes parallel to the 
axis of the thread. This spot-diagram is very similar to that of 
stretched muscle fibres. 

By applying to these myosin threads the method introduced by 
Ambronn [28], one is able to distinguish intrinsic birefringence 
from rod double refraction. In the case of rod-shaped particles, 
orientated parallel to each other, rod double refraction may be 
calculated according to Wiener's equation [29] : 

-. . 2 

+ n** 

, Here % and are the refractive indexes of the ordinary and the 
extraordinary ray ; rii and w, those of the particles and the liquid 
medium between them ; <ffi and <!>% are the relative volume con¬ 
centrations of the particles and the medium of dispersion. Obvi¬ 
ously rod double refraction is always positive. It may become 
zero, if the particles and the liquid medium have the same value 
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of refracstive index. By soaking a birefringent gel containing 
orientated rod-shaped particles, t.e. these myosin threads, with 
liquids of diiBFerent refractive index, including the index of the solid 
particles themselves, one is able to decide whether the birefringence 
observed is entirely due to rod double refraction or not. In the 
case of pure rod double refraction birefringence becomes zero as 
soon as the refractive index of the liquid is equal to that of the 
particles ; the curve showing double refraction as a function of the 
refractive index of the liquid medium of dispersion reaches a mini¬ 
mum, when this zero value is attained. If birefringence does not 
become zero at the mini¬ 
mum of the curve, then its 
value there represents the 
intrinsic double refraction 
of the particles. 

Curve I in Fig. 6 re¬ 
presents this curve for 
stretched myosin threads. 

Evidently the particles have 
a marked positive intrinsic ^ 

double refraction. The way ^ 

birefringence changes with 4 

the refractive index of the 
liquid shows definitely, on 
the other hand, that we are 
dealing with rod double 
refraction too. But the 
curve is not strictly sym¬ 
metrical, as it ought to be 
according to equation 2. 

The branch for values of 
nt > 1-576 agrees with this 
equation, but the other branch lies too low. The cause seems to 
be that the liquids with small refractive index, used, do not leave 
the particles unchanged, they let them swell, etc.; but one of the 
main premises of Wiener’s equation is that there is no reaction 
between particles and liquid. 

The corresponding curve for muscle fibres, curve II in Fig. 6— 
frog muscles were used—^runs parallel to that of the myosin threads ; 
the total birefringence is again the sum of an intrinsic double refrac¬ 
tion of the fibre particles and rod double refraction.—The muscle 
fibres had been treated with an aqueous solution of formaldehyde, 
but there was no difference between such fibres and still living ones 
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as to birefringence.—The absolute values of the double refraction 
of muscle fibres are 40 per cent, of the birefringence of myosin 
threads; this applies both to the total double refraction of the 
original fibres and threads and to their intrinsic double refraction. 
Assuming the birefringence of the threads to be 100 per cent., all 
particles consisting of myosin and being orientated, it would be 
permitted to conclude that the fibres contain 40 per cent, of myosin. 
In the case of rabbit muscles it was found actually that about 
40 per cent, of the total amount of proteins consisted of myosin. 

These experiments prove definitely that the myosin particles 
are rod-shaped. It is not possible to show this in a direct way, for 
instance, with the aid of an ultramicroscope ; under the latter they 
are not visible at all. This is most likely due to the fact that their 
dimensions are amicronic—most likely excepting their length—or 
that the difference in refractive index between particles and medium 
of dispersion is too small. 

It would lead too far to discuss the question, how the very 
complicated change of double refraction during the contraction of 
the muscle has to be explained [30], 
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THE PHYSICAL LABORATORY AT THE 
NATIONAL GALLERY 

By P. IAN O. RAWLINS. M.Sc. (Cantab.), F.Inbt.P. 

ScUntifie Advisn to the Truuteet 

It is common knowledge that not only scientific testing, but a 
scientific method of approach has found its way into numerous 
places where it would have seemed, only a short while ago, some¬ 
what unlikely that it would penetrate. The numerous and varied 
concerns sponsored, or partially controlled by the Department of 
Scientific and Industrial Research are cases in point. The latest 
development is the new installation at the National Gallery for the 
physical examination of pictures ; a scheme which, with the strong 
support of the Director, received the official sanction of the Trustees 
towards the end of last year. The Laboratory is now complete and 
in working order, and it is probably not too much to say that it 
represents the nearest approach to the ideal for such investigations 
that has yet come about. Laboratories for the physical examina¬ 
tion of paintings are to be found in connection with museums and 
institutions in various places : considerable thought was given to 
the results which these centres had produced before deciding upon 
the exact form which the new equipment in Trafalgar Square should 
take. In some important respects however the problems at the 
National Gallery are peculiar ; one great advantage in planning 
has been the amount of available space, and another the fact that 
a large department of photography has long been in existence, the 
standard of which had reached a high level under the guidance of 
Mr. W. D. Booker, until his recent retirement. It was natural 
therefore that the new laboratory should be installed in the proxim¬ 
ity of the photographic rooms, and the two sections are now worked 
as one unit. Photographs of details of pictures and direct enlarge- 
, ments are of great value to students, and the fact that these can 
be taken and compared with the products of the X-ray and ultra¬ 
violet apparatus is of considerable moment. Again, the vast 
number of pictures available for study encourages the hope that 
systematic research may fiounsh and abound as years go on 
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Eqcitoent 

A oonvenient lofty room of appropriate size has been chosen 
for the physical laboratory, and in it all the plant has been placed. 
Before describing the apparatus in detail, it may be mentioned that 
special care has been taken in the decoration and finish of the 
laboratory to reduce to a minimum the accumulation of dust and 
dirt; adequate ventilation is maintained and ready access is pro* 
vided by exceptionally high doors, so that panels of large size can 
be brought in and out with ease. Box blinds ensure complete 
darkness for X-ray screening and ultra-violet observations. Special 
precautions have been taken with all electrical wiring and cables. 

A paramoimt consideration is that of safety. Clearly no pre¬ 
cautions are too great both to guard against mechanical damage 
to the pictures under examination, and to make it praotically 
impossible for anything in the nature of fire to occur. This latter 
point has been given great weight, since the laboratory is part and 
parcel of the Gallery, in close contact with its priceless contents. 
The steps taken with regard to mechanical safety will perhaps best 
be appreciated when the apparatus is desoribeiil in detail in the 
following section. 

There are four processes involved, all of an essentially physical 
character. 

(1) X-rays; (2) Ultra-violet; (3) Infira-red ; (4) Mioroscopioal. 
These will Iw discussed in turn, but before doing so it will be con¬ 
venient to mention the special easel which is the most novel part 
of the equipment, and which makes it possible to set up a panel 
once and for all, to locate any area of it with accuracy, and to 
subject any part of it to each of the above-mentioned methods of 
analysis with no fiirther “ shunting.” 

]^BL. This consists essentially of a very solid metal chromium 
plated structure (see Plate I), 10 feet long and 9 feet in height. 

Two distinct moving parts are incorporated, (a) a frame with 
backing of sheet aluminium, to which the picture is fixed, and (6) a 
suitable holder for a cadmium tungstate fiuoreecent screen of excep¬ 
tionally large size (8 ft. x 2 ft.), provided with lead glass for X-ray 
protection of the observer. 

The frame (a) is 6 feet by 4 feet, and is capable of both vertical 
and horizontal movements, the former by means of counter weights 
inside the upright piUsrs of the structure, and the latter by 1^- 
bearkig roUm. 

AcWtional we^ts can be added, to keep the frame in equili¬ 
brium when a picture is not present. The fluoresoent screen is 
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given a eimUar vertical movement, but no horizontal displacement, 
since the X-ray tube is fixed in a definite position (actually 4 ft. 0in. 
from ground level), and the vertical movement is only necessary 
in order that the picture may be loaded upon the frame carrier, 
which naturally is behind the member carrying the fluorescent 
screen. When all is ready, the fluorescent screen is brought to a 
fiducial mark so that its centre is 4 feet 6 inches above the floor. 
The relative areas of the picture carrier and screen carrier are such 
that a picture 6 feet by 4 feet can be explored mosaic-fashion in 
not more than four movements. 

To maintain the painting upon its carrier a stout horizontal bar 
with suitable clamps and vertical movement grips it gently but 
firmly at the top, while rests are provided at the bottom of the 
carrier : as an additional precaution, the horizontal member carries 
clamps easily attachable, and of a shape to hold the picture should 
it by any mischance become disengaged from the bar. In order 
to load a picture, the carrier is brought nearly to ground level, the 
screen is raised to the top and the whole adjustment rarely takes 
more than a couple of minutes. Before being brought into use, 
the easel was tested with a dummy panel of appropriate area 
and bulk. 

For X-ray photography three alternative courses are open. 
(1) The film is placed upon the back of the screen carrier (which 
is provided with a series of ruled co-ordinates to assist in obtaining 
the correct position for the film), or (2) the screen is lowered and 
the film supported by a separate carrier, or (3) the fluorescent screen 
image itself can be photographed. Experience shows that, on the 
whole, (2) is preferable, and this is the method usually adopted. 
The distance between picture and film is an inch or less, whereas 
the distance from picture to X-ray tube is seven feet. 

It will naturally be asked, what happens when a panel or canvas 
larger than the dimensions of the carrier (6 ft. by 4 ft.) is to be 
examined. The method of dealing with such cases (which are not 
very frequent) is to support the picture upon stout “ bankers,*' 
and to lash it to the top horizontal member of the easel. It is clear 
that the determining factor is, in the end, the height of the X-ray 
tube above the floor (4 ft. 6 in.) which means that an area of which 
the lesser dimension is nine feet or less can be tackled. Calculation 
shows that, with due preparation, almost every picture at present 
in the Gallery can bo coped with, so far as dimensions are concerned. 
Allowance has been made for considerable variation in thickness, 
and short of an altogether abnormal panel, the easel may be relied 
upon to function conveniently. Experience has already been 
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gained with exceptional sizes, and no undue difficulty is expected 
on this Bcoro. 

Two considerations have prompted the design of the easel, 
incorporating the vertical position for the picture under test. The 
first is safety—^no part of the X-ray or other apparatus is in the 
least likely to drop on a picture—and in the second place all portions 
of a surface can bo explored, which is scarcely possible otherwise. 

The horizontal position sometimes adopted has been definitely 
rejected, both on the score of safety and of convenience in operation. 

It has already been indicated that a picture once in position 
upon the easel can be examined by means of all the types of radiation 
with which the laboratory is equipped. Only the X-ray unit, now 
to be described, is a fixture : the other appliances are movable and 
can be brought up to the easel as required. The special microscope 
(to be described later) is arranged for both horizontal and vertical 
working : the usual practice is to investigate small panels hori¬ 
zontally. The travel and stand of this instrument are such as to 
enable one to take full advantage of the arrangements of the easel 
when needed. 

X-Ray Unit. —The X-ray equipment is of standard design, 
consisting of tube, transformer and switchboard : suitable diaphragm 
controls are mounted upon a movable stand, with a view to easy 
manipulation when screening. 

Experience has demonstrated that, for X-ray photography, the 
best results are obtained by working at 20 kilovolts, or even less, 
and a current of some 30 m.a. The exposure times are, naturally, 
somewhat long—about three minutes—but this is no drawback for 
work of this character. A thermo-syphon cooling device is fitted 
to the tube. 

An important point, and one which usually proves a difficulty 
in X-raying pictures, is to obtain delicate gradation (corresponding 
to the layers of paint) in the photograph. So much depends upon 
this for purposes of interpretation that special care has been given 
to this question. The use of exceptionally low kilo voltage is helpful, 
and experiments have been made in which the kilovoltage has been 
raised for some fraction (say about one-twentieth) of the exposure 
time, thus bringing out areas of pigment of higher density to 
advantage. So for, this differential method seems to be decidedly 
promising. 

Much time has been wasted and trouble incurred in the past 
by overlooking the essential nature of an X-ray photograph of such 
an object as a panel or canvas. The problem presented to the 
observer of such a photograph is of a three-dimensional character 
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projected into one of two dimensions. Otherwise expressed, one is 
confronted with something like several layers of print superimposed 
upon each other, and the task is that of disentanglement. These 
layers correspond of course to the successive layers of wood, gesso 
and paint of which the painting is composed. The differential 
method of exposure already referred to promises to be of decided 
use in stressing those layers corresponding to certain constituents, 
and in this way making the unraveUing process a little easier. 

In general, the method is to standardise the conditions, both 
electrical and photographic, as far as possible and to vary the 
exposure times as experience may suggest. Neither X-rays nor 
any other physical tests are infallible guides to the condition or 
authenticity of a picture, but there is little doubt that the scientific 
method is capable of providing information of considerable value to 
the art expert and historian, when the evidence is properly handled 
and assessed. 

Once it is grasped that an X-ray photograph has, so to speak, 
** lost ” one dimension, then the work of interpretation has at leatst 
progressed one step. Careful checking with the surface appearance 
of the picture itself and with detail ordinary photographs of high 
quality, ore obvious precautions. Fortunately, too, the scientist 
can co-operate with his colleagues in art history on many points. 

For screening, about 5 milliamperes at 35 kilovolts ore used 
for a panel of normal character. 

Ultra-violet Analysis, —It is well known that fluorescence of 
chemical compounds such as pigments is excited by the incidence 
upon them of ultra-violet radiations : this property has therefore 
obvious applications for the examination of pictures. Areas which 
have been repainted can frequently be detected in this way, and 
considerable help may be given to the cleaner and restorer in teUing 
him exactly how far he needs to go, thus obviating any danger of 
cleaning beyond the area to be treated. The main difficulty in 
ultra-violet work is the presence of varnish. This tends to fluoresce 
itself, and consequently to mask what is beneath. When however 
the varnish layer is not too old or too discoloured, fair results^oan 
be expected. 

The apparatus consists of a quartz-mercury lamp of standard 
design, except that the hood and filter have been arranged to 
illuminate an exceptionally large area, actually about one yard 
8 q».are. In ordei- to observe the differences brought out by ultra¬ 
violet illumination, it is essential to have the room perfectly dark and 
for the observer to remain in the dork for some ten minutes he&Hh, 
beginning operations, in order to get the eye sufficiently sensitive. 
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With a suitable filter however, photographs are easily obtained 
with reasonably short exposures (about eight minutes with rapid 
plates), and interesting details are sometimes revealed, or at least 
made more obvious. ’ 

In order to provide a rapid visual comparison, a “ Restlight ” 
artificial daylight lamp is fitted on the same piUar as the ultra¬ 
violet burner. Thus one can switch over to daylight immedi¬ 
ately, and since it may be necessary to return to ultra-violet 
observation, a bulb of low candle power is fitted to the “ Restlight,’’ 
so as to avoid undue disturbance of vision. A transformer and 
rheostat insure constant intensity from the ultra-violet lamp. 

Infra-red. —Infra-red photography as far as wavelengths of 
about one ^ is now feasible. A suitable tungsten lamp is available, 
and the technique follows standard practice. The value of infra¬ 
red photography applied to pictures consists in the possibility of 
penetrating a surface layer of dirt, and perhaps of revealing some 
detail such as a signature which has apparently become obliterated. 
Naturally, the character of the surface layer is the determining 
factor. 

Microscopical Analysis. —The microscopical examination of a 
painted surface is usually somewhat unsatisfactory by the usual 
method of vertical illumination. The difficulty is that much light 
is scattered, and flare results. Also, if cracks or indentations are 
present, Uttie is perceived that cannot be seen with the naked eye 
or a low-power magnifying glass. 

These troubles are almost completely overcome by the use of 
polarised light (using ordinary nicol prisms), combined with an 
objective system designed for conical, rather than vertical, illumina¬ 
tion. Thus a polarising ultrapak ” microscope has been obtained, 
and has already given definite proof of its usefuiness. 

From the illustration it will be seen that vertical and horizontal 
movements of very considerable range are available, and experience 
shows that the stability is excellent. 

Two illuminants are provided, a more powerful one for photo¬ 
micrography, and a pea-lamp for ordinary visual purposes. Both 
are carried on an arm attached to the body-tube, rendering the 
whole apparatus very convenient to use (see Plate II). 

The magnifications obtainable are jBx)m 19 to 275, and a small 
attachable camera of the usual pattern suffices for photomicrography. 

The value of microscopical methods is only beginning to be taken 
seriously in this field. Chief amongst the possibilities are (1) the 
determination of the areas of repaint, (2) the character of crackle, 
i.e. the minute cracks with which the surface of a painting is fre- 
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quently covered, (3) the nature of cracks of eJl kinds, whether they 
are true or spurious, whether empty, or filled up wth some material, 
intentionally or otherwise, and of course whether they are paint 
cracks at all, or derive from the wood or the varnish, (4) the distribu¬ 
tion and nature of pigments. At fairly high ma^gnifications the 
separate grains are clearly visible: sometimes mere shapeless frag¬ 
ments, but sometimes pseudo-crystalline. The characteristic struc¬ 
ture of gold leaf is very pronounced. Much observation and practice 
is needed, but it is not impossible to foresee the day when a 
certain studio-technique will bo, if not recognised for certain, at 
least strongly indicated by its microscopic appearance. When it 
is recalled what a rigid apprenticeship was required of all aspirants 
to a place in Italian studios before they became master craftsmen, it 
is not very surprising that the resulting technique may be such as 
to be capable of more or less exact recognition by controlled optical 
means such as microscopy. Undoubtedly, too, brushwork is a very 
individual accomplishment, and problems of authenticity on this 
account are within range of research of this kind. 

A number of ancillary questions are being tackled in the labora¬ 
tory of the National Gallery. These include the recognition of the 
woods used for panels (often a valuable criterion in attribution), 
the nature of varnish (and the problem of its “ ageing ”) and the 
fading of artist’s colours ; in fact, almost anything that assists in 
the preservation and better understanding of pictures. 

To conclude, a few words may be added upon the all-important 
matter of collaboration between art student and scientist. 

Doubtless, intuition is the essential possession for the former 
(“ an eye for a picture ”): the latter is called upon to make precise 
when precision is possible, to weigh evidence and to confirm. The 
physicist should not be content merely to provide data—with 
humility and difiidenoe ho may express opinions oonoeming physical 
possibilities or the reverse. Above all he will resist the temptation 
to obtain technical triumphs merely because they are satisfactory 
to himself: photographs or other documents of whatever kind 
become valueless when they fail to tell the art student anything 
he did not know before ; or when they are merely the outcome of 
an exaggerated passion for prestige. 

Art critic and scientist are perhaps new to finding themselves 
in double-harness: physics as a fundamental study has achieved 
many and various successes; it remains to be seen whether an 
increased knowledge of the nature and development of painting 
will be numbered amongst its conquests. 



THE INTERPRETATION OF ANIMAL 
BEHAVIOUR 

Bv Dk. J. a. BIEREN8 BE HAAN 

Thti Vniv0r$iiyt AmtUrdam 

In the April number of this Journal Dr. Zuckerman ^ has given an 
interesting exposition of his views on the interpretation of animal 
behaviour, the topic of a discussion in a joint session of the sections 
of Zoology and Psychology during the Aberdeen meeting of the 
British Association for the Advancement of Science in September 
1934, in which he took an important part. I am much indebted to 
the Editors for giving me an opportunity of expounding my views 
on this point in the same journai, and at the same time to make a 
few remarks on Dr. Zuckerman’s views, the more so as, at the Aber¬ 
deen meeting, I was invited to open the discussion, and therefore 
had no opportunity to reply to his criticisms. 

I believe that, with regard to the mterpretation of the behaviour 
of animals, three main tendencies exist, which wo may distinguish 
as the physiological, the behaviouristic and the psychological.* 
The first of them consists in an attempt to analyse the actions of 
animals into as complete a number as possible of simple reflexes, 
in the belief that in enumerating the reflexes that built up these 
actions, the actions themselves are explained. So Szymanski tried 
to analyse a part of the mating behaviour of the snail Hdix pomatia 
into a few simple reflexes, and Peters to analyse the action of a spider 
catching its prey in its web into five such reflexes. Doflein went 

^ 8. Zuckerman, “ The Interpretation of Animal Behaviour,” Science 
PaooKESs, 1935, XXIX, 639. 

* I believe this distinction between three tendencies in the intc^rpretation 
of animal behaviour is preferable to that of Zuckerman, who only distin¬ 
guishes a “mechanistic” from a “vitalistic” school. Especially the 
denomination of this “ vitalistio ” tendency seems to be rather inappropriate; 
one can be a vitalist, t.e. believe that the pJ^nomena of life cannot be analysed 
without remainder in oo-physioal and chemical prootjsses, without admitting 
psychical phenomena as an explanation of animal action. So Driesch was 
a vitalist in hie biology, but was an objeotivist in the explanation of animal 
behaviour. 


243 



SCIENCE PROGRESS 


244 

even further and believed himself able completely to interpret the 
behaviour of the ant-lion, making its sand-crater and capturing 
and killing its prey, by admitting nothing more than the working 
of three simple reflexes. As to the latter case, it could be shown 
by other investigators on closer examination that the behaviour 
of the ant-lion included a number of elements of quite a different 
nature from simple reflexes, such as spontaneity, purposeful varia¬ 
tion and persistence of the action, memory and simple emotions, 
which make it probable that in the other cases too a closer examina¬ 
tion would reveal in the behaviour elements that are of essentially 
different nature from reflexes. But let us rather put the question 
in a more essential form : suppose we were able to split up without 
remainder the behaviour of an animal into a number of simple 
reflexes, would that give us an interpretation of the behaviour of 
the animal, satisfying our scientific requirements ? 

Of course, I am not referring to the needs of the nerve-physiolo¬ 
gist, who in the study of the reception of stimuli by the sense 
organs, their conduction through the nervous system, and their 
action on the effectors, finds the sole aim of his investigation. I 
am speaking here about the man who tries to understand why the 
animal acts as it does. Let us for the sake of clearness suppose 
an analysis of this kind were offered as the result of an interpreta¬ 
tion of human conduct. We know that our movements, too, con¬ 
tain a number of more or less simple reflexes, and that, c.g., the act 
of walking requires the functioning of a number of such reflexes. 
Yet everybody will admit that the enumeration of these reflexes 
would give only a very poor and unsatisfactory interpretation of, 
say, our running to catch a train. We feel that by this analysis 
we at best come into the possession of a number of parts, the link 
making the parts into one whole being absent. There is something 
lacking, and we feel we want something of quite a different nature. 
Is the case different, when we are attempting to interpret the 
behaviour of animals ? 

Dr, Zuckerman did not fail to face this argument of the inade¬ 
quacy of physiological analysis as a mode of interpreting animal 
behaviour. His argument against it is, first, that we have no right 
to admit that “science has already uncovered all the reflexes, 
tropisms and other basic mechanisms of behaviour that it can ever 
possibly unfold. “ This may be true. But a discovery of some 
dozens of new reflexes will never make up for the “ discrepancy 
between the sum total of the separate items, such as reflexes, that 
have come out of the investigation, and the primary behaviour 
material that was put into the investigation.” For we feel, as I 
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said before, that, if we wish really to understand the behaviour of 
an animal, we need something of quite a different nature from these 
reflexes and tropisms. And when Dr. Zuckerman remarks that 
this argument regarding the inadequacy of physiological analysis 
is based upon a misconception of the intention of scientific investi¬ 
gation, which is directed to the isolating of parts in a system, then 
we would answer that we can only agree with this, as long as such 
“ isolates ” are not merely of a physiological nature, but when 
psychological phenomena also may be regarded as a possible result 
of such an analysis. If this is the case, we shall certainly find 
that after this analysis it will not be impossible “ to reconstruct 
the gross phenomena of experience hy the recombination of hypos- 
tasised scientific isolates,” as was the result of Zuckerman’s 
physiological analysis. 

But let us consider the other ways of interpreting the behaviour 
of animals. They differ from the first mentioned tendencies chiefly 
in the fact that they do not go so far as to analyse that behaviour 
into such elements as reflexes, but try to interpret it by means of 
more complex phenomena. Here again we may distinguish between 
two antagonistic tendencies. The first, which we may call the 
behaviouristio interpretation, attempts to do this by describing it 
in terms of objectively perceptible phenomena, such as the stimuli 
that act upon the animal and the reaction the animal shows as a 
response to each stimulus. The other, the psychological one, does 
not content itself with this one-sided point of view, but thinks it 
desirable and necessary to take a broader standpoint, and also to 
take into account phenomena, which we know influence our own 
actions, so that they cannot be neglected when we attempt to 
interpret our own behaviour, although they are not directly per¬ 
ceptible to others. These are the so-called subjective or psychical 
phenomena, subjective because they are bound to ourselves in so 
far as we are experiencing subjects, psychical because they are 
immaterial and do not belong to the world of matter. The question 
now arises whether the former interpretation satisfies our scientific 
requirements when we set ourselves to understand the behaving 
animal, and, if not, whether the latter interpretation is possible, or, 
although preferable, is impossible for a priori reasons, viz., that 
such subjective phenomena do not exist in animals, or that, if they 
do exist, they are not knowable to us to such a degree as to be used 
as elements in a scientific interpretation. 

It will be clear that if such an interpretation in terms of sub¬ 
jective phenomena is possible in the case of animals, if it is possible 
to take into account their perceiving, their feeling and striving when 
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we try to interpret, say, their fl^ht from a menacing danger, this 
kind of interpretation will satisfy us more than the one in which 
these phenomena are neglected. For this again we may look to 
ourselves. If an observer were to explain our activity when trying 
to reach the shore after having fallen into the water, as a partly 
innate, partly acquired “ behaviour-mechanism,” evoked as a 
response to the stimulus of the water, we should recognise this as 
a very unsatisfactory way of interpreting our actions. We should 
feel that very important and fundamental elements had been neg¬ 
lected, as for example our fears as to the possibility of death, our 
looking out for a place of safety, and our actual striving to reach 
this, and we should know that these phenomena had influenced 
and governed our actions and movements much more than the 
stimulation by contact with the water alone would do. Therefore 
it will be clear that we shall also accept such an objective interpreta¬ 
tion of the behaviour of animals only when we are forced to believe 
that the other is impossible. Let us see if such is the case. 

As I have previously pointed out, the answer to this problem 
depends on the question whether such subjective phenomena, as 
we know within ourselves, do also occur in animals, and, if such is 
the case, if they are sufficiently knowable to us as to be used as 
elements for the interpretation of their behaviour. That no sub¬ 
jective phenomena occur in animals at all is a belief that has prob¬ 
ably not found many advocates since the days of Descartes ; yet 
some doubt is oft-times expressed if they also occur in the lower 
organisms. As these subjective phenomena are directly knowable 
only to the subject experiencing them, and as animals are not able 
(and probably do not feel any need) to communicate their inner 
experiences to us, the only way to settle this question is to look for 
objective signs, for objective criteria, that make it possible to 
decide whether their behaviour is to be regarded as an expression 
of subjective phenomena, or is not to be so regarded, in which case 
it would show an essential similarity with (though perhaps in a 
more complicated form) the movements we observe in inanimate 
nature, such as the rolling of a stone or the movements of iron 
filings towards a magnet. 

Dr. Zuckerman is rather pessimistic on this point, and believes 
that the question whether animals have subjective lives ” is one 
that is impervious to scientific statement and scientific proof.” 1 
caimot share his pessimism. As has already been remarked by 
William James in his Principles of Psychology, we find a criterion 
for the presence of mentality in a phenomenon in the fact that it is 
directed to a goal, in its ” pursuance of futurb ends.” Zuckerman 
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meets this mark of purposiveness or mentality by the remark, that 
" the most obviously purposive systems are man-made machines.” 
I believe that he in doing so overlooks the fact that machines are 
not purposive by their own nature, but are only appropriate con¬ 
structions, made by man after the example of his own purposive 
activity, so that in their movements they show only a seeming 
purposiveness and lack the essential characteristics of real pur¬ 
posive action {vide infra). Dr. Zuckerman attaches much value 
to an apparatus, constructed by Hull and Baemstein,^ ” whose 
behaviour provides an amazing parallel to the various phenomena 
of the conditioned reflex.” I certainly admire in constructions 
like this the ingenuity of the builder, who succeeds so well in imita¬ 
ting the phenomena of life in inanimate material, but think it 
rather naive to accept these crude analogies as a kind of explanation 
of biological phenomena. In the same way 1 cannot accept a 
doll that “ closes ” its eyes when it is laid on its back as an ” explan¬ 
ation ” of the phenomenon of sleep. For that matter, the difference 
between the imitation and the real thing is too essential,* 

But we may go further in tracing subjective phenomena in 
animals. To Professor McDougall * we owe the discovery of seven 
objective criteria that enable us to recognise real behaviour, i.e. 
physical activity in which mental processes of men and animals 
find expression; in other words, to recognise subjective life in 
living beings. It seems worth while to mention them here. They 
are :—first, that of the spontaneity of movement, in opposition to 
the passiveness of the inanimate world; then, the persistence of 
the activity, independently of the continuance of the impression 
that first evoked it, and the cessation of the activity, as soon as a 
particular goal has been reached ; next, the variabiUty and unpre¬ 
dictability of the action, the preparation for a new action, the 
totality of the action, in which the whole organism is involved (in 
contrast especially to the refiex, which only involves parts of the 
body); and, finally, in many oases, the improvement of the action 
\mder the infiuenoe of experience, acquired on former occasions. 
By means of these seven criteria we may distinguish behaviour, 
as an expression of subjective phenomena, from mechanical move- 

* C. L. Hull and H. D. Baernatein. A meohanioal parallel to the con¬ 
ditioned reflex. Seienoe, 70, 1929. 

* Hull and Baematoin are of another opinion. They hope to organise 
the phenomena, imitated by their apparatus, into a ayatem which ahowa 
nothing leas than “true trial-and-error learning with intelligent selection 
and the elimination of eirora, as well aa other behaviour ordinarily classed 
as psychic ” (I) 

* Wm. McDougall, An Outline of Psychology, London, 1923. 
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ment, and where we find them in animal activity we may conclude 
that Bome mental life, some subjective phenomena, are at the 
bottom of this. 

On a former occasion,* while following this line of thought, I 
tried to show that we find these seven criteria of McDougall every¬ 
where in animals, when we closely observe their behaviour. I 
cannot repeat the result of this examination here. I will only point 
to the fact that even in the Protozoa the marks of spontaneity, of 
variability, of persistence, etc., so clearly show themselves in their 
behaviour, especially in hunting and catching their prey, that there 
is, in my opinion, no reason to doubt that even in these lowest 
a-nimalH we j^d in their actions an expression of phenomena, essen¬ 
tially akin to, if perhaps qualitatively different from, those that in 
ourselves we know as perceiving, desiring or feeling. The belief 
that subjective phenomena are absent in animals or in some of 
them cannot, therefore, be regarded as an obstacle to our endeavours 
in admitting subjective elements into our interpretation of their 
behaviour. 

Another objection is that such subjective phenomena, even if 
they do occur, are not sufficiently knowable by us as to be useful 
for such an interpretation. This was already the argument of 
the objectivists in Germany, when at the end of the last century 
Beer, Bethe and von Uexkiill tried to purge sense-physiology of 
all terms that were clothed with a subjective meaning, and later, 
in consequence of this endeavour, declared that animal psychology 
was impossible. The same argument comes up again with the 
modem Behaviourists, although with some of them, for instance 
Watson in his later works, such subjective phenomena not only 
seem to be ignored as unknowable, but even more or less denied. 
It is rather difficult to meet the argument that such phenomena 
are not knowable enough to be utilised. If we admit that they are 
knowable to a certain degree of certitude, what then would be the 
degree of knowableness required for their usefulness ? The minor 
degree of knowableness of the mental phenomena of our fellow- 
men, as compared with our own mental experience, will prevent 
no objectivist from taking them into account, when he wishes to 
understand the actions of a fellow-man he meets with in the street, 
and if in the laboratory he refuses to do so, we can only regard this 
as a theoretical inconsistency. In the same way no objectivist will 
hesitate to reckon with the subjective state of a dog or a bull, if 
he feels the want and necessity to interpret its tehaviour—for 

* J. A. Bierans do Haan, Die tierpaychologische Fortchung, ihre Ziek 
tmd Wege, Leipzig, 1935. 
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instance when the animal suddenly assumes a menacing attitude 
towards him. If he is consistent, he will not suddenly ignore these 
subjective phenomena as soon as he has returned to his labora¬ 
tory and starts studying the behaviour of a similar animal under 
laboratory conditions. 

Now we often hear the objection that the difficulty of knowing 
the subjective phenomena in animals becomes greater, the more 
we descend to the lower animals, as the analogies between our own 
attitudes and expressions diminish because of the greater difference 
in morphological structure. I believe this argument to be only 
partially true. For when we, for example, read fear or anger in 
the attitudes of an animal, it is not by means of an analogy with 
our own attitudes that we conclude as to this. It is not by analogy 
of external signs that we draw conclusions as to special emotions 
or desires or perceptions in a dog or a bird, but by imagining our¬ 
selves to be the animal, by conceiving what would be our percep¬ 
tions and feelings and desires if we were in the animal's place, 
possessing its nature and psychical structure. The external atti¬ 
tudes and signs play only a secondary role in so far as we have 
learned by experience that a certain attitude is always associated 
with a special state of mind in the animal. The basis of our inter¬ 
pretation must be a knowledge of the mind of the animal itself. 
Therefore, the more the animal is known to us, the surer will be 
our understanding of the inner aspect of its behaviour. And then 
we must not overlook the fact that most of our knowledge about the 
subjective phenomena in animals nowadays is obtained, not by 
simple observation, but by experiment directed to a special question, 
like a discrimination between different perceptions, or a remember¬ 
ing, or an understanding of the solution of a special problem. With 
such experiments much surer results are obtained in this respect 
than by simple observation. So I believe there is no reason to be 
excessively prudent and too sceptical, and, as we see that we are 
justified in admitting subjective phenomena in all animals, we may 
also utilise them for our interpretation of their behaviour. The fact 
that in former da 3 w errors were made, especially with regard to 
the degree of explicitness with which a subjective phenomenon is 
experienced by an animal, cannot be denied, but ought not to dis¬ 
hearten us too much I 

Dr. Zuokerman raises another objection to the use of subjective 
phenomena in the interpretation of animal behaviour. According 
to him their weakness is that they cannot be defined in a non- 
ambignouB way, while exact knowledge can only be acquired by 
making use of objectively definable data, which can be stated 
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writhout fear of ambiguity. It is certainly true that so oonorete 
a phenomenon a« a “ table ” can be defined much more easily than, 
say, a feeling of disgust. But, if we limited our scientific interest 
to phenomena that were easily definable, the field of scienoe would 
be unduly restricted. So, for example, the concept of “ life ” is 
not easy to define ; at least we have not yet a definition of “ life ” 
that satisfies everybody. Yet we are very well able to recognise 
life if we meet with it, and are able to perceive it in a living animal, 
and fail to do so in a lifeless stone. There is no reason, therefore, 
to give up the study of life, simply because we cannot easily define 
its object itself. And, in the same way, if perhaps the phenomenon 
of “ fear ” cannot be defined “ without the fear of ambiguity,” yet 
everybody knows very well in himself what fear really is, and has 
about fear a more direct and more primary knowledge than say 
about some quite objectively definable accessory of his wireless set. 
And certainly Dr. Zuckerman is wrong when he declares that “ the 
re-introduction of the terminology of introspective psychology 
would be a disastrous step, calcxUated only to return the subject 
to its discredited anthropomorphic and anecdotal phase.” Dr. 
Zuckerman in these words gives evidence of a serious lack of know¬ 
ledge of the prudent and critical work on animal psychology that 
has appeared in the last few decades, perhaps more on the Con¬ 
tinent than in England, and does injustice to the students of that 
soience who have carefully weighed the terms they use in order 
to escape the error of overestimating the complexity and explicit¬ 
ness of the subjective phenomena they describe in their animals, 
and who certainly in their experiments, carried out under strictly 
laboratory conditions, do not give him any right to the inorimination 
of “ anecdotal ” methodology ! 

A final question:—why and to what end do we feel a need to 
interpret animal behaviour ? Why do we not simply let them 
behave as they like, and why do we want to explain this behaviour ? 

This question may be answered in different ways. First of all 
we may try to understand their behaviour for practical reasons, 
for a better understanding of the possibilities of their actions and 
a better government of the animals themselves. For a man who 
has to do with dangerous animals, or one who wishes to compel 
animals to do his bidding, it will be useful to understand the springs 
of their actions. Further we may do it for scientific reasons, 6.g, 
for a better understanding of our own nature, which to a certain 
degree shows afiSnity to that of the animals, and especially for a 
better understa nding of the child, who in several respects .stands 
nearer to the animal than the adult. So our more profound know- 
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ledge of the instincts of animals has certainly thrown a new light 
on human conduct. Yet I believe the chief value of our endeavours 
to interpret animal behaviour lies in another direction. It lies in 
the fact that it brings us the material for a science, that has as its 
object just those subjective phenomena that are discovered by an 
interpretation of the behaviour of the animals in the sense defined 
above, and has as its aim the knowledge of the psychical constitu¬ 
tion of the different animals or types of animals, i.e. the whole 
structure of cognitive, affective and conative elements of their 
inner life, that react upon each other and evoke each other. A 
science like this has the right to bear the name of “ Animal Psy¬ 
chology,” and it is especially as a basis on which to build up this 
animal psychology, for which the interpretation of their behaviour 
is our only source of knowledge, that this interpretation finds its 
value and significance. 

But apart from this last significance I hope I have shown that 
the interpretation of animal behaviour is only complete when we 
take into account its subjective experience, and that there is no 
reason to be too sceptical of the possibihty of obtaining knowledge 
of this inner aspect of animal life. 



HOW DRUGS ACT 
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How drugs act is the main problem of theoretical pharmacology, 
but like all fundamental questions in natural science it has to be 
split up into a number of simpler questions before it can be tackled. 
The careful analysis of the nature of the physiological responses 
elicited by drugs and the discovery of the sites of drug action are 
the first matters to be settled and form the subject-matter of classical 
pharmacology. A later stage of development is concerned with 
the quantitative study of drug action. This second stage may 
provide some clue to the kinds of physico-chemical processes involved 
in drug action ; it also provides a means of comparing the activities 
of similar drugs and so of correlating the chemical structure and 
properties of drugs with their physiological properties. The dis¬ 
covery of the atomic groupings and the physico-chemical properties 
relevant to any given drug response may be expected to lead on 
to the final problem, the discovery of how the physico-chemical 
properties of cells are modified by drugs. 

Since drugs do not in general alter the character of the physio¬ 
logical activity of tissues, but only the extent of normal activities, 
an imderstan^ng of drug action may be expected to throw light 
upon the natural physiological mechanisms of tissues. Theoretical 
pharmacology has in fact already proved to be a powerful weapon 
in physiological research. 

It is unlikely that any general theory of drug action will be 
found to cover the great variety of physiological responses elicited 
by drugs. We may expect to find certain general principles govern¬ 
ing the reactions of drugs with cells and to be able to classify the 
different modes of action possible to drugs. Sufficient is already 
known of the relation between the chemical structure and pharmaco¬ 
logical action of certain classes of drugs to predict with reasonable 
probability the qualitative nature of the action of certain classes 
of compounds, but the quantitative aspects of drug action remain 
beyond prediction and in most cases beyond interpretation. More¬ 
over, almost nothing is known of the intimate physico-ohemicai 

252 



HOW DEU08 ACT 


253 


meohanisms involved in the action of drugs. This essay attempts 
to indicate briefly a few of the general aspects of drug action as they 
appear to a chemist. 

The quantitative study of drug action presents considerable 
practical difficulty and has been characterised by much erroneous 
theoretical interpretation. The subject has been admirably reviewed 
in a recent book by A. J. Clark [Ij and need not be dealt with in 
detail here. One or two points, however, call for comment. 

One of the most striking features of drug action is the minute 
amounts of some drugs which are effective in producing physio¬ 
logical responses. This has naturally led to much speculation. It 
has sometimes been suggested that some living cells may be too small 
or that the effective number of drug molecules may be too few for the 
ordinary statistical laws of physical chemistry to be applied with 
propriety. This is a question of some importance to physiology, 
since it is a characteristic feature of hormones and vitamins that 
they achieve striking physiological effects in very minute amounts. 

The most rehable estimates of the size of living cells show that, 
apart from viruses, most cells are enormously larger than even 
protein molecules. The volume of a small coccus is of the order 
cubic A, whereas protein molecules have volumes of the 
order 10* cubic A, i.e. a small coccus is about a million times larger 
than a protein molecule. The volumes of most cells in animals are 
much larger than that of small bacteria ; e.g. a human erythrocjrte 
has a volume of the order 10** cubic A and the cell of frog’s heart 
ventricle is about twenty times bigger than this. It is clear there¬ 
fore that drug molecules, which rarely attain the size of protein 
molecules, are very much smaller than the cells upon which they 
act. Clcurk has estimated the number of molecules of certain drugs 
required to cover cells with a monomolecular layer. Thus the area 
of the cells in 1 ou. mm. of frog’s heart tissue is 6 sq. cm.; the 
amount of acetylcholine needed to cover this area is 3 x 10~^ gm. 
or 10** molecules, and the resulting concentration of the drug in 
the tissue would be only 1 in 3,000. 

The assumption that drugs may form monomolecular layers at 
the siuffaoes of cells can be shown to be reasonable for certain classes 
of drugs. For example, the amounts of the higher alcohols fixed by 
the heart are of the order necessary to cover the heart cells with a 
monomolecular layer. Ponder [2] calculated that the hsemolytio 
action of saponin and of sodium oleate on human erythrocytes 
involved the fixation by the ceU of 10* molecules of saponin and of 
2 X 10* molecules of sodium oleate per cell. These quantities are 
about sufficient to cover the cell surface with a monomolecular layer. 
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There are, however, many drugs with highly speoifio actions 
which are effective in amounts much smaller than would be sufiBcient 
to cover cells with a monomolecular layer. 

The estimation of the amounts of potent drugs which are fixed 
by cells is a matter of some difficulty. Frequently there is no suit¬ 
able method of chemical analysis available, and in many cases the 
amounts of drugs fixed by cells are too small for chemical detection. 
Consequently rather approximate biological methods of estimation 
must be used. A known volume of drug solution is allowed to react 
with a certain quantity of cells and the residual unfixed drug in the 
separated solution estimated by matching up its effect upon a test 
tissue with standard solutions of the drug. Another method, which 
involves a knowledge of the effective minimum concentration of the 
drug when present in excess, is to transfer a small volume of drug 
solution from one isolated organ to another and so on until the solu¬ 
tion fails to produce its typical effect. In this way several authors 
have estimated the amounts of cardiac glucosides required to arrest 
the isolated hearts of frogs and other animals. Some of the most 
potent glucosides, e.g. ouabain, arrest the heart by the fixation of 
about 2y ^ of glucoside per gramme of heart tissue. The molecular 
weight of ouabain is 760 and therefore 2y contains 2 x 10^* mole¬ 
cules. One gramme of frog’s ventricle contains 3 x 10* ceils and 
consequently each cell fixes about 10* molecules. Each molecule 
will certainly cover less than 600 sq. A and hence 10* molecules 
cannot cover more than 6 x 10* sq. A. But the area of a frog’s 
heart ceil is 2 x 10** sq. A and therefore the (hrug cannot cover 
more than from 2 to 3 per cent, of the cell surface. 

Clark [1] estimated the amounts of several other potent drugs 
fixed by the tissues upon which they act and found even smaltor 
values ; e.g. the amount of acetylcholine fixed by the frog’s heart 
during 60 per cent, inhibition was 0-02y per gramme of moist 
tissue, and the amount of adrenaline hydrochloride fixed by the 
rat’s uterus during marked inhibition was 0 0 ly per gramme of 
tissue. These figures are maximum values since these two drugs 
are rapidly inactivated by the tissues. The molecular weight of 
acetylcholine chloride is 181*6 and therefore 0*02y contains about 
10** molecules. The area covered by this molecule cannot exceed 
100 sq. A and consequently lO** molecules cannot cover mote than 
10** sq. A or 1 sq. cm. The area of the cells in 1 gm. of frog's heart 
is about 6,000 sq. cm. and hence the drug fixed can only cover 
about surface. 

Although estimations of the amounts of drugs fixed by cells 
^ y - Tufe **»8*a* 



HOW DRUGS ACT 


256 


are very approximate, these figures prove that potent drugs achieve 
their effect without forming a monomoleculsr layer over the whole 
surface of the cells and suggest that the drugs exert their action 
upon some specific receptors which constitute an insignificant 
fraction of the total cell surface. 

The view that cells have not a uniform surface but possess 
specific receptors or “ active patches ” has proved very valuable 
in other fields and was introduced by Warburg [3] to account for 
the results of his classical experiments on the respiration of cells. 
It is generally agreed that oxygen uptake is confined to speciflo 
points on the cell surface and that there are several varieties of 
receptors. It is probable that narcotics and cyanides, which 
inhibit respiration, also act at specific, but not necessarily the same, 
receptors. Quastel [4] has also adopted the hypothesis of specific 
receptors to account for his results on the oxidative reactions 
achieved by bacteria. 

It has ^n assumed in the foregoing discussion that drugs act 
mainly, if not entirely, at the surface of cells and it is interesting 
to consider some of the evidence for this view. 

There are several lines of evidence for the view that drugs 
behave differently inside and outside the cell. The clearest evidence 
is derived from the micro-injection of drugs into unicellular organ¬ 
isms ; this technique was developed by Chambers [5] and enables 
one to compare the action of a drug when appUed outside the cell 
and when introduced directly into the cell interior. Chambers 
found that sodium and potassium chlorides were more toxic to 
amoebse on external application, whereas magnesium and calcium 
chlorides were more toxic on micro-injection. Hiller [6j found that 
narcotics which paralysed amoeba) immersed in them produced no 
narcosis on micro-injection. Brinley [7] found that hydrocyanic 
acid, which paralysed amoebae immersed in it, was completely 
innocuous on micro-injection; solutions of hydrogen sulphide 
behaved similarly. These results clearly show that some drugs 
exert their specific action on the cell surface of amoeba) and not on 
the interior of the cell. 

Another clear example of a drug acting differently inside and 
outside cells is provided by Cook’s experiments on the action of 
methylene blue on the isolated frog’s heart [8j. This dye has a 
powerful atropine-like action on the frog’s heart and a heart per¬ 
fused with it is deeply stained. No measurable amount of the dye 
can be removed by washing out with Ringer, but such washing 
Immediately abolishes the atropine-like action. Hence the pharma¬ 
cological action can be abolished when the heart is still deeply 
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Btained by the dye. Moreover, the staining process is slower than 
the onset of the pharmacological action, since the latter can be 
observed before there is any visible staining of the heart. Hence 
there appear to be two actions : a rapid and reversible atropine¬ 
like action of the dye at the cell surface and a slow and irreversible 
entry of the drug into the cells, where it has no pharmacological 
effect. 

Numerous other examples might be quoted. Although it would 
be unwise to assume that all drugs exert their action at the surface 
of cells, yet it appears certain that many drugs of the most diverse 
character do act in this way. Moreover, many of the most potent 
drugs appear to act only at certain specific areas of the surface of 
cells. 

But when we come to consider what sort of chemical or physical 
action is involved in the reaction of drugs with cell surfaces or with 
“ active patches ” on the cell surface, it is remarkable how little 
evidence is available for forming an opinion. The chief reason for 
this is our ignorance of the nature of cell membranes. 

The interior of cells appears to consist of an aqueous solution 
of proteins and salts and nearly the whole of the water is “ free ” in 
the sense that it can dissolve in a normal manner substances added 
to it (HiU [9]). The interior also contains a nucleus and may 
contain a variety of granules. The composition of the salt solution 
in the interior of cells is usually quite different from that which 
obtains in the tissue fluids; e.g. vertebrate muscle cells contain 
much more potassium than sodium, but the reverse is true of the 
fluid which surrounds them. Consequently we must postulate a 
cell membrane impermeable to the passage of salts. But Clark has 
shown that potassium can leak out of the cells of the frog’s heart 
and the same author has demonstrated that rubidium can partly 
replace potassium in the cell interior. Cowan [9a] has also shown 
that the nerves of Maia crabs are permeable to potassium although 
the nerves normally maintain a potassium concentration thirteen 
times greater than that in Maia blood. Consequently we must 
postulate a cell membrane which can become permeable to salts, 
but which at the same time functions in such a way as to preserve 
totally different concentrations of salts inside and outside the ceU. 
It is also known that the maintenance of the integrity of the cell 
involves the continuous expenditure of energy. Our knowledge 
of physical chemistry is at present totally inadequate to account 
for a membrane of this description. 

The cell membrane is usually thoi^ht to consist partly of lipids 
and partly of protein. We have already seen that there are. reasons 
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for thinking that it ia not a nniform skin enolosing the cell contents, 
but that it possesses a structure and, in particular, parts of its sur¬ 
face are more sensitive to drugs than others. 

There are three possible ways in which drugs may react with 
cells : (i) by adsorption at the cell surface, (ii) by differential solu¬ 
bility in the cell membrane and (iii) by chemical reaction with some 
constituent molecules of the cell surface. 

It might be thought that a study of the relations between the 
concentration of drugs and the extent of their actions, and of the 
time relations of drug action might enable us to distinguish between 
these three types of process. Unfortunately this expectation has 
not been realised. Even the simplest drug reactions, e.g. the 
reactions of a drug with a uniform population of single cells, are 
complex heterogeneous processes and may involve more than one 
of the three possible mechanisms (adsorption, solution, and chemical 
reaction). Moreover, it is usually impossible to measure biological 
activity by any but approximate methods and consequently the 
quantitative data are not sufficiently accurate to enable us to dis¬ 
criminate between, for example, an adsorption and a solution effect. 
The prolonged dispute as to whether chemically inert narcotics act 
by differential solubility (Overton-Meyer theory) or by adsorption 
(Traube’s theory) is a good example of the difficulties inherent in 
this type of problem. Again, the measurement of temperature 
coefficients of drug actions provides very little information, partly 
because the properties of the cell itself are altered by changes of 
temperature. The real difficulty of all studies of this kind resides 
in our inability to isolate the particular reaction involving the drug 
from the rest of the activities of the living cell. All drug reactions 
probably involve a complex chain of chemical and physical events 
and we can only observe the nett result.^ 

It is commonly assumed that the physiological result of drug 
action is due to a modification of the physico-chemical state of the 
cell membrane. This may be the result of a purely physical process 
(adsorption or solution) or of a chemical reaction. The action of 
chemically inert narcotics is probably a physical process whilst the 
action of some antiseptics, Dakin’s solution, chloramine-T, etc., 
is certainly chemical. But for the great majority of drugs, and 
those some of the most potent, it is difficult to obtain evidence 
which would enable us to decide whether their action is due mainly 
to physical or chemical processes. The type of chemical reaction 

^ For a detailed discussion of the difficulties involved in the interpretation 
of quantitative pharmacological data, the reader is referred to the book by 
Clark [1]. 

s 
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umially envisaged is a combination of the drug with some specific 
molecules in the cell membrane. Many drugs are rapidly acted 
upon chemically in the tissues (e.g, hydrolysis, oxidation, etc.) but 
usually in the direction of the production of inert or less active 
substances, and there is no evidence that these chemical changes 
are an ultimate part of the mechanism of the drug’s pharmacological 
action. In many cases such chemical changes are certainly secon¬ 
dary and they often occur at sites in the body remote from the 
pharmacologically responsive tissues. 

Evidence in favour of the combination of drug molecules with 
some cell constituent is provided by drugs for which there is a 
large difference in activity between optical enantiomorphs. This 
subject was thoroughly investigated by Cushny [10]. The most 
striking examples are provided by the d- and Msomers of 
adrenaline, hyoscyamine and hyoscine. Cushny argued that a 
sharjj differentiation between optical enantiomorphs implied a 
chemical mechanism for the action of the drug. Each isomer may 
combine with an asymmetric receptor in the tissues, but the com¬ 
binations so formed will no longer be enantiomorphous and conse¬ 
quently will differ in their physico-chemical properties. The differ¬ 
ences may be slight or may be considerable so that we may expect 
to find all examples between no differentiation in pharmacological 
action and complete inactivity of one isomer. Thus for adrenaline, 
hyoscyamine and hyoscine the Isevo isomers are each twice as 
active as the racemic compounds and hence the dextro isomers 
have little if any action. For some other drugs, e.g, homatropine, 
cocaine, eucaine, etc., the ratio between the activities of optical 
isomers is not greater than 2:1, and for a number of drugs, e.g, 
coniine, camphor, tetrahydronaphthylamine, etc., there is no 
difference in activity between optical isomers. Equality of action 
for optical isomers does not rule out a chemical mechanism, but 
difference in the activity of enantiomorphs does seem to imply a 
chemical combination between the drug and some tissue constituent. 

Other factors may be involved : e.g. Gottlieb [11] proved that 
d-cocaine is more rapidly destroyed in the body than the more 
powerful Z-cocaine, but it is doubtful whether this fact is sufficient 
to explain the difference in activity of these isomers. Moreover, 
such an explanation cannot be applied generally ; e.g. the stronger 
action of d-hyoscyamine on the brain can hor^y be attributed to 
the more rapid destruction of the Z-isomer, since the latter has the 
more powerful action at nerve-endings. 

Cushny’s views are obviously related to the problem of the 
specificity of enzymes towards stereoisomers. It is an open ques- 
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tion whether enzymes combine with substrate molecules or only 
adsorb them. Perhaps the question has little meaning since it is 
difficult to draw a sharp distinction between adsorption and revers¬ 
ible chemical combination. Moreover, there appears to be no 
unambiguous evidence in favour of the differential adsorption of 
optical enantiomorphs. The partial resolution of racemic dyestuffs 
by soaking wool in them, the d-isomer being preferentially taken 
up by the wool fibres [12, 12aJ, does not rule out the possibility 
of chemical combination of the dye with the wool. 

The assumption of a chemical mechanism for drug action natur¬ 
ally gives importance to any correlation of the chemical structure 
and properties of drugs with their physiological effects. Consider¬ 
able progress has been made on these lines with certain classes of 
drugs. The whole subject has recently acquired a new significance 
owing to the development of the humoral theory of the transmission 
of nervous action. 

There have long been known certain classes of drugs which 
reproduced very faithfully the effects of stimulation of different 
branches of the autonomic nervous system. This was always 
difficult to understand, the more so because drugs with similar 
pharmacological properties were not always closely related chemi¬ 
cally. For example, four drugs, acetylcholine (I) a synthetic sub¬ 
stance, muscarine (II) a poisonous constituent of Amanita muscaria, 
pilocarpine (IV) the chief alkaloid of Jaborandi leaves, and physo- 
stigmine or eserine (III) the chief alkaloid of the Calabar bean, all 
reproduce more or less faithfully the effects of stimulation of the 
parasympathetic system. A chemical similarity was long sus¬ 
pected between the first two, but otherwise there was no obvious 
reason for expecting similarity in the actions of these four drugs. 
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This example is only a specially striking one of the general 
arbitrariness of pharmacology which cannot fail to impress any 
student of the subject who comes to it from the physical sciences. 

The discovery of hormones, which may be regarded as endo* 
genous drugs, did something to remove this arbitrary character of 
pharmacology and gave a greater interest to the whole problem of 
drug action. The development of the neurohumoral theory has 
carried this process a stage further. 

It is not possible to recount the historical development of the 
neurohumoral theory here, nor is it necessary since the subject has 
been recently reviewed by one of its chief exponents, Sir Henry 
Dale, in his Linacre lecture [13j, and by its originator, Otto Loewi, 
in his David Ferrier lecture to the Royal Society [14]. A brief 
account of the theory will suffice to make clear some of its implica¬ 
tions for any theory of drug action. 

In 1921 Loewi demonstrated that stimulation of the vagus to 
an isolated frog’s heart liberated into the perfusion fluid a substance 
which was capable of reproducing in a second heart the effect of 
vagal stimulation. Loewi called this substance vagus-stoff and 
was able to discover a number of its properties. He found that 
atropine (which abolishes the inhibition due to vagal stimulation) 
annulled the action of the vagus-stoff but did not prevent its libera¬ 
tion. The vagus-stoff was rapidly destroyed by an esterase present 
in heart muscle, but its activity could be restored by acetylation 
of the inactivated material, and the action of this esterase was 
prevented by very small amounts of eserino. In ail these properties 
the vagus-stoff behaved exactly like acetylcholine. 

Since Loewi’s original experiments it has been clearly demon¬ 
strated that stimulation of other parasympathetic nerves is always 
associated with the liberation of a chemical transmitter indistin¬ 
guishable from Loewi’s vagus-stoff and from acetylcholine. In 1929 
Dale and Dudley isolated acetylcholine for the first time from an 
animal source, viz, horse’s spleen, and by taking advantage of the 
inhibition of the esterase by eserine, acetylcholine has been shown 
to occur in many other tissues. 

There seems to-day no reason to doubt that the peripheral 
effects of parasympathetic nerves are due to the liberation of 
acetylcholine at the nerve endings. The same is true also of the 
few fibres, belonging anatomically to the sympathetic branch of the 
autonomic system, which have long been known to respond to 
parasympathetic drugs.” 

Loewi also demonstrated that stimulation of sympathetic fibres 
to the frog’s heart liberated a different transmitter, which had an 
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accelerator, adrenaline-like, effect upon a second heart. Farther 
development of this observation, largely due to Gannon and his 
collaborators, has made it certain that stimulation of sympathetic 
fibres liberates at the nerve ending a chemical transmitter closely 
resembling adrenaline in chemical and pharmacological properties, 
but its identity with adrenaline is not yet fully established. 

Finally it has been shown by Feldberg and Gaddum that the 
transmission of nerve impulses across 83 nnpathetio ganglion cells is 
also accompanied by the liberation of acetylcholine, but the func¬ 
tion of acetylcholine at this site remains in dispute. 

The chemical theory of the transmission of autonomic nervous 
effects is now well established and Dale has introduced the terms 
“ oholinei^o ” and “ adrenergic ” to distinguish the two types of 
humoral transmission. 

It is natural to extend the humoral theory to the whole realm 
of nervous action and to suppose that wherever a nerve impulse is 
transmitted across a synapse {e.g. in the central nervous system) 
or a nerve ending {e.g. in voluntary muscles) a chemical transmitter 
will be found. The work of Dale and his collaborators is indeed 
making it highly probable that the transmission of nervous excita¬ 
tion to voluntary muscle is a cholinergic process and it seems prob¬ 
able that future work will reveal that the transfer of excitation at 
all oytoneural junctions is achieved by chemical transmitters. 

Loewi has drawn a useful distinction between the chemical 
transmitters of nervous effects and the true hormones which are 
liberated at sites remote from the scene of their action and circulate 
in the blood-stream. He regards the chemical transmitters or 
neurohormones as the me«ms of initiating action in the body and 
the true hormones as the body’s means of maintaining states. A 
similar distinction might also be made for drugs, and it is clear that 
any general theory of drug action must relate it to the normal 
humoral mechanisms of the body. 

Drugs which act at nerve endings provide a good instance in 
which this correlation with humoral effects can be studied. For 
example, there are several “ parasympathetic drugs ” besides 
acetylcholine which are known to act at the peripheral nerve end¬ 
ings. Some of these, e.g. musoarine, eserine and pilocarpine, etc., 
reproduce the effects of parasympathetic stimulation, whilst others 
and especially atrofane paralyse all parasympathetic terminations. 

For stimulant parasympathetic drugs ” several possibilities 
arise, (i) The drug may be acting as a humoral substitute in virtue 
of more or less chemical resemblance to the normal trans¬ 
mitter. (ii) The drug may prevent the normal destruction of the 
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transmitter and consequently lead to apparent stimulation, (iii) 
The drug may induce the liberation of the natural transmitter, and 
(iv) the drug may produce its physiological eflFect by some direct 
action upon the muscle or gland quite unrelated to the humoral 
mechanism. 

Many esters of choline besides the acetate stimulate paras 3 nm- 
pathetic nerve endings. Reid Hunt has studied a large number of 
quaternary ammonium salts of the general formula (CH8)jNR}CI 
(where R may be an alkyl group or a short carbon chain carrying 
an ester, amide or ether group) many pf which also have acetylcho¬ 
line-like properties. Muscarine has recently been shown by Kogl, 
Duisberg and Erxleben [15] to have the formula (II) related to 
choline, and it shows a remarkably pure stimulation of parasym¬ 
pathetic nerve endings. It seems probable that these choline 
esters and quaternary ammonium salts are behaving os humoral 
substitutes. If we assume that there exists at the nerve ending a 
specialised receptor mechanism designed to respond to acetylcholine 
it is reasonable to suppose that other esters of choline and even 
other quaternary salts with some formal resemblance in structure 
to choline may act on this receptor mechanism in the same way 
as, but less efficiently than, acetylcholine. The closer the approxi¬ 
mation to the acetylcholine structure the more active the drug 
will become, but none of the choline esters except psrruvylcholine 
approaches the activity in high dilutions of the natural transmitter. 
We meet in this field a degree of specificity which is unknown in 
chemistry. It is impossible to explain why one particular ester 
of choline should so enormously exceed other esters in intensity of 
action. The physico-chemical properties of esters derived ^m 
choline and a homologous series of fatty acids will not show quan¬ 
titative irregularities at all comparable with those which obtain for 
their pharmacological activities. For this reason several authors 
have assumed some sort of optimum fit between the drug and the 
structure upon which it acts. 

The facile assumption that drugs which resemble natural hor¬ 
mones in their action are behaving as humoral substitutes must, 
however, be used with caution. The animal body has open to it 
more than one way of achieving some gross physiological result and 
consequently it is important to discover whether the supposed 
humoral sultetitute is acting at exactly the same site as the natural 
hormone. It is also difficult to know what weight to put upon 
qualitative dififerences in the action of drugs otherwise closely 
mimicking the action of a hormone. Such differences may be due 
to the absence of particular atomic groupings which are present in 
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the hormone and responsible for some features of its action, but 
the inexactitude of the correspondence between drug and hormone 
may be due to a more fundamental difference, viz.' to the intro¬ 
duction of some new physiclogical response not characteristic of 
the hormone. 

There are also drugs which imitate more or less closely a natural 
hormone but which it is difficult to believe on chemical grounds 
can be acting as humoral substitutes. Examples among “ para¬ 
sympathetic drugs ” are eserine (III) and pilocarpine (IV). Inspec¬ 
tion of their structural formulae (p. 259) reveals very little resem¬ 
blance to acetylcholine. 

The purely parasympathetic action of eserine appears from 
Loewi^s work to be due to the inhibition of the esterase responsible 
for the hydrolysis, and hence the inactivation, of acetylcholine. 
Stedman [16] has shown that the inhibition of liver esterases by 
eserine is associated in quite a precise way with definite elements 
of chemical structure and he has prepared a series of synthetic 
urethanes which resemble eserine in this inliibition of esterases and 
in pharmacological properties. One of these urethanes, called 
miotine (V), was carefuUy investigated by White and Stedman [17] 
and found to reproduce all the well-known pharmacological prop- 

Mt>NH.CO.O^CHMo.NMe, 

(V) 

erties of eserine. It is, of course, not certain that all the pharmaoo* 
logical properties of eserine and of Stedman’s s 3 nithetio urethanes 
can be attributed to the inhibition of choline-esterase, but this is 
probably true of their peripheral parasympathetic effects. Eserine 
appears to be the first drug acting on nerve endings for the pharmaco¬ 
logical action of which it is possible to give a simple and consistent 
explanation. Stedman’s studies on the inhibition of esterases by 
synthetic urethanes also make it probable that this action is due to 
a preferential adsorption of the urethane on the esterase, which is, 
however, unable to hydrolyse it. 

Pilocarpine differs in some respects from acetylcholine. Its 
most pronounced actions are upon the salivary and sweat glands, 
which it stimulates to secretion. It has no inhibitory action upon 
choline-esterase. Its action may be due to a direct action on the 
tissues it stimulates or to a stimulation of the neurones to liberate 
acetylcholine. Seeker [18] claims to have demonstrated that pilo¬ 
carpine does induce the liberation of acetylcholine in the salivary 
gland of the cat. 
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Bum [19] has also attempted to account for the action of tyra- 
mine and ephedrine on the circulation by assuming that at least 
part of their eflFect is due to the stimulation of the nerve endings 
to liberate the S 3 nnpathetic transmitter. But that some drugs 
may act by stimulating the neurones to liberate the natural trans¬ 
mitter does not appear to have yet been clearly established. 

Another difficult case is provided by atropine which paralyses 
all the peripheral cholinergic nerve endings, although, as Loewi has 
shown, it does not prevent the lil>eration of the chemical trans¬ 
mitter. On Cushny’s view a chemical mechanism is probably 
involved since d- and Z-hyoscyamine differ widely in the intensity 
of their action. The extensive studies of Jowett and Pyman [20] 
and others have shown what are the structural desiderata for any 
appreciable degree of atropine-like action, but unfortunately a know¬ 
ledge of the atomic groupings necessary for this particular pharma¬ 
cological action throws no light upon its mechanism. 

Enough has probably been said to indicate the way in which 
Loewi’s neurohumoral theory has opened up a new approach to 
the study of the effects of drugs on nervous mechanisms. It seems 
reasonable to hope that if the theory can be extended to the central 
nervous system some insight may be gained into the action of many 
other powerful drugs. It must be remembered, however, that even 
if some drugs can be classified in terms of their effects on the normal 
humoral mechanisms of the body, the problem still remains how 
the chemical transmitters themselves initiate physiological change. 

It has already been mentioned that the correlation of the chemi¬ 
cal structure and pharmacological action of drugs has frequently 
enabled us to associate definite atomic groupings in the drug mole¬ 
cules with particular physiological effects. There is a large olaas 
of local anaesthetics which are all benzoic or p-amino-benzoic esters 
of alcohols which contain a secondary or tertiary amino group 
separated from the hydroxyl by a short carbon chain. Esters of 
such alcohols with aliphatic acids have no local anaesthetic proper¬ 
ties. Many other examples could be given, but the greatest diffi¬ 
culty in such studies is to explain the quantitative irregularities in 
activity associated with small changes of structure. 

There are groups of drugs in which progressive changes in 
structure can be associated with fairly regular changes in activity; 
s.flr. the progressive increase in antiseptic potency (as measured by 
phenol coefficients) of alkyl-resorcinols as the alkyl group is length¬ 
ened up to n-hexyl and the progressive decline in antiseptic potency 
as the alkyl chain is lengthened beyond six carbon atoms. It 
seems probable that a study of the physico-chemical properties of 
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such a homologous series would reveal a competition between prop¬ 
erties favourable to and disadvantageous to the antiseptic potency ; 
lengthening the chain may at first enhance the favourable properties, 
but later the disadvantageous properties may outweigh the favour¬ 
able ones, hexylresoroinol achieving an optimal combination of the 
two sets of properties. 

With many drugs, however, the quantitative irregularities in 
activity are so considerable that it seems unlikely that the problem 
can be approached on these lines. The example of choline esters, 
in which the acetic ester far exceeds in activity all other esters, has 
already been mentioned. Another striking example also occurs in 
the choline series. Many esters of choline and other quaternary 
ammonium salts of the general formula MeaN—^R}C1 have been 
shown to have “ parasympathetic properties,” e.g. they inliibit the 
heart, but replacement of the three methyl groups by ethyl or 
larger alkyl groups entirely removes all action on parasympathetic 
nerve endings. 

Similarly only quaternary salts with three methyl groups 
on nitrogen produce the acetylcholine-like contracture of frog’s 
voluntary muscle. 

A somewhat different but equally puzzling example is provided 
by quaternary ammonium salts which Crum Brown and Fraser [21] 
discovered had the common pharmacological property of paralysing 
motor nerve endings in voluntary muscle. This property is an 
extremely general one for oniiun salts. The activity is largely 
independent of chemical structiire and appears to be purely an ionic 
effect [22]. A few ions, however, are anomalous ; their pharma¬ 
cological activity is much lower than normal and in some respects 
is qualitatively different. Thus millimolar solutions of tetramethyl-, 
tetrapropyl- and tetrabutylammonium salts paralyse an isolated 
frog’s nerve-sartorius in a few minutes, but tetraethylammonium 
salts have no effect at this concentration and even at ten millimols 
per litre only achieve complete paralysis after several hours. This 
striking difference is not due to some peculiar property of ethyl 
groups, smce with arsonium salts the tetramethyl member is the 
anomalous one and tetraethylarsonium is as active as tetramethyl- 
ammonium [22]. There seem to be no grounds in the physioo- 
chemioal properties of such onium salts to acooimt for these striking 
irregularities in pharmacological behaviour. 

It will be noted that none of the examples quoted above involves 
any configurational factors. The differences between active and 
inactive substances are simply those between members of a homo¬ 
logous series. It seems to the author that this kind of specificity 
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can only be explained by assuming such a degree of fit between 
the drug molecule and the receptive tissue that the actual size of 
the drug molecule or of particular groups in it may be decisive in 
determining the physiological activity. 

The attribution of pharmacological significance to the unique 
size of drug molecules may appear strange at first sight, but it is 
really an extension of well-established ideas. The organic chemist 
has long recognised that the size of atomic groups may have a pro¬ 
found influence on the properties and reactivity of molecules. 
There is an extensive literature on steric hindrance which deals with 
the effect of the size of groups and the subject has recently acquired 
greater precision since it has been possible to estimate the diameters 
of atoms fairly accurately. 

There is therefore no reason in organic chemistry to regard the 
size of molecules as necessarily irrelevant to pharmacology. The 
size factor is really an extension of the conception of fit implicit in 
Fischer’s lock and key simile. Moreover, the assumption that the 
tissue upon which a drug acts may contain a structure which only 
drug molecules of a certain size, shape and configuration will fit 
has physical analogies in adsorption [23] ; e.gr. methylene blue is 
adsorbed by diamond but not by graphite, succinic acid is adsorbed 
by graphite but not by diamond (Nellensteyn [23a]). The only differ¬ 
ence in the adsorbing surface is the spacing of the carbon atoms. 

The conception of fit between drug molecules and the tissues 
on which they act appears to the author to be fundamental to any 
general theory of how drugs act. Drugs may show very diveise 
degrees of specificity ; for example, narcotics show a low degree 
of specificity but natural hormones and many alkaloids are highly 
specific. It is among highly specific drugs that the conception of 
fit appears to be inevitable. 

A very high degree of specificity is shown by the relations 
between antigens and antibodies in immunology. The fascinating 
studies of Londsteiner on artificial antigens have shown that the 
degree of fitting of determinant groups required for the antigen- 
antibody reaction may be similar to the degree of fit required for 
two substances to form mixed crystals (Marrack [24]). In this 
work the nature of the determinant groups was known, but in 
pharmacology nothing is known of the nature of the receptors on 
which drugs are supposed to act. Consequently the hypothesis of 
fit between drug and tissues is at present infertile, and the most 
urgent need in pharmacology if we are to understand how drugs 
act is more knowledge of the physico-chemical properties an() inti¬ 
mate structure of the tissues on which they act. 
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SYMBOLS, UNITS, AND NOMENCLATURE 

By G. W. O. HOWE. D.Sc., M.I.E.E. 

Pro/e$»or of BUfiTieal Bnoiruoring in the Vniwr»itl/ of Olatfou 

The General Asseinbly of the International Union of Pure and 
Applied Physios met in London on October 5, 1934, and, among 
other things, unanimously approved of Reports presented by Sir 
R. T. Glazebrook as President of the Commission on Symbols, 
Units, and Nomenclature, appointed by the Union at the Brussels 
Assembly in 1931. The Commission has not only collaborated with 
other bodies such as the Standards Committee of the International 
Electrotechnical Commission and the Committee of the British 
Association on Electrical Units, but, during the Electrical Congress 
in Paris in 1932, took the opportunity of holding an informal inter¬ 
national conference. The Reports presented by Sir R. T. Glaze- 
brook were based on the results of these meetings and conferences. 
They have recently been published as a 40*page pamphlet by The 
Physical Society (price 2«. 9d.). 

The first report is on the “ Standard Thermal Unit ” and may 
be summarised as follows : (1) the Unit of Heat is the Joule = 10"^ 
ergs ; (2) the Gramme-Calorie is the heat required to raise 1 gramme 
of air-free water from 14-5® to 15-5*^ international scale of tempera¬ 
ture at one atmosphere. 1 gramme-calorie = 418, joules ; 1 inter¬ 
national watt-second == 10003 joules. This last fi^re is accepted 
as a compromise between the U.S. Bureau of Standards 1-00031 
and the N.P.L. 1*00025. The international watt-second involves 
the international ampere, which is not exactly 0*1 c.g.8. unit, and 
the international volt, which is not exactly 10* c.g,s. units ; conse¬ 
quently the international watt-second is not exactly 10’ ergs, whereas 
the joule is taken as being exactly 10’ ergs. 

The second report is on Electrical and Magnetic Units and deals 
with matters on which there is considerable diversity of opinion. 
There are three main points on which divergent views are held; 
they are (1) whether the factor 47r/10 should be retained in the 
expression for the magnetomotive force in practical units, or whether 
one ampere-tum should be taken as the practical unit; (2) whether 
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B and H should be regarded as quantities of the same or different 
kinds; and (3) whether the system of units should be based on 
the force between unit poles or on the force between current-carry¬ 
ing conductors; a third alternative is mentioned, based on the 
magnetic flux. 

The Report recommends that the 4n/l0 be left where it is 
until there is a preponderance of opinion in favour of a change. 
Although the practical unit of m.m.f. par excellence would appear 
to be the ampere-turn, the commission is probably acting wisely 
in leaving matters alone for the present. Although the Report 
leaves the second question open, the table of recommendations is 
based on the assumption that B and H are not of the same kind, 
the unit of B being the gauss and that of H the oersted. This 
again is a very wise decision since it is much less confusing to have 
two names for two things which some people regard as being one 
and the same thing than to have only one name for two things 
which some people regard as entirely different. The point at issue 
may be made clear by means of an analogy. When a tensile force 
is applied to a test specimen it produces a strain at every point 
throughout the material. Now the usual conception is that the 
applied force produces a stress at every point in the material, the 
total applied force being distributed over the cross-seotion and 
giving a stress of a certain amount of force per unit area. The 
relation between this stress and the strain produced at each point 
depends on a property of the material. The same line of argument 
may be employed when a m.m.f. is applied to a magnetic circuit 
by means of a current-carrying coil. One may picture the m.m.f. 
as distributed around the path giving a magnetising force H at 
every point of a certain amount of m.m.f. (or ampere-turns) per 
unit length of path, and causing at each point a magnetic induction 
B related to the magnetising force H by some property p of the 
material. It is, of course, open to anyone to say that the stress 
in the mechanical case and the magnetising force in the magnetic 
case are fictions, and that the only realities are the applied load 
or the ampere-turns and the resulting strain or magnetic induction. 
To one who regards H as the cause of B, permeability is not a mere 
number but, even in a vacuum, has a value po representing a mag¬ 
netic property of space. The increased value of B in iron is pre¬ 
sumably due to the addition of the internal molecular magnetomotive 
forces to the externally applied m.m.f., thus giving an increased 
effective permeability which is really the product of po and a 
numerical coefficient which may be called the relative permeability. 

The definitions given in the table which the Commission reoom- 
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mend to the Union are based on E and I. The formula d0/dt = — E 
is taken as the defining equation of the magnetic flux and, as is 
stated, this is certainly defining it in terms of that by which it is 
measured for practical purposes. The unit of magnetic flux is the 
Maxwell. The magnetic induction or flux density B then follows 

from I BdS = 0 ; its unit is the gauss. Magnetomotive force is 

defined as P == 47iNI, the unit being the gilbert, which is one 
oersted-cm. The magnetising force H, or, as it is called in the 
Report, the intensity of magnetising field, is defined by the formula 

1= COS e dl = F = 4 jcNI, and the unit is the oersted. 

At the Paris meeting of the I.E.C. in October 1933 two alter¬ 
native methods of defining B were adopted, viz., either by the 
mechanical force on an element of current-carrying conductor placed 
at the point, or by the electromotive force induced in an elementary 
circuit surrounding the point. The S.U.N. Commission have only 
embodied the latter method in their recommendation. 

This second Report lias six appendices, the first being a reprint 
of a circular issued in 1931, surveying the problems facing the 
Commission and giving a number of references showing the apparent 
inconsistencies in Maxwell’s attitude to the relation between B and 
H. He sometimes refers to them as if one was cause and the other 
efiFeot, and sometimes as if they were one and the same thing. The 
second appendix is a very satisfactory discussion of the three 
alternative methods already referred to as a basis on which to 
build up the electromagnetic quantities. Of these, the classical 
method based on the force between two magnetic poles (Coulomb) 
compares unfavourably with that based on the force between 
current-carrying conductors (Ampere) in that it is less fundamental 
and more obscure, especially when the effect of varying the medium 
is considered. The third alternative, which is fiee from theoretical 
abstractions like unit poles and elements of current, is to define the 
unit quantity of electricity by electrolysis ; this gives the unit 
current, and, from the unit of energy, the unit potential difference 
and e.m.f. Magnetic flux can then be defined as recommended 
by the Commission. The so-called absolute c.g.s. system is similarly 
based on the length of a platinum-iridium rod, a ma 438 of platinum, 
and the second of mean solar time. 

The sixth appendix explains the m.k.8.12 system advocated 
since 1901 by Giorgi. It is now generally recognised that the 
Victorian idea of finding a purely mechanical explanation of electro¬ 
magnetic phenomena is no longer tenable and that electrical quan- 
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titles cannot be defined in terms of length, mass, and time. It 
was due to arbitrary assumptions made in order to avoid the intro¬ 
duction of a fourth fundamental that various systems were evolved 
in which the same quantity appeared to have different dimensions 
and that generations of students have gone forth with the idea 
that electrical resistance was in some mysterious way of the nature 
of a velocity, or alternatively, of the nature of the reciprocal of a 
velocity, depending on which column one consulted in a table of 
dimensions. The Giorgi system not only removes all this confusion 
by using a fourth fundamental, but, by using the metre and kilo¬ 
gramme instead of the cm. and gramme, gives units which have a 
convenient magnitude for most purposes without disturbing the 
established practical electrical units. There is some difference of 
opinion whether the fourth fundamental should bo the resistance of 
a column of mercury of given dimensions, or the quantity of elec¬ 
tricity depositing a given mass of silver, or some other electrical 
quantity. 

The third Report deals with thermodynamic symbols, the fourth 
with the future work of the Commission, including a recommenda¬ 
tion that they be authorised to continue their work. The fifth 
Report is in French and is contributed by Professor Abraham of 
Paris (not the Abraham of the well-known German text-book). 
It deals with the B and H question ; he regards them as magnitudes 
of the same nature. 

The sixth and final section is a mathematical investigation based 
on Ampere’s formula for the force between two elements of current 
ids and separated by a distance r. The reason for including 
this section is not clear, especially as a footnote states that a similar 
result is given in Mascart and Joubert. The statement that '' each 
elementary force [on ds'J acts at right angles to the plane containing 
r and ds is surely wrong, and a little editing would have avoided 
flying in the face of the Commission and of common usage by 
referring to B as the magnetic intensity. 



DO BIRDS ATTACK BUTTERFLIES ? 

A New View and a Critical Analysis of the Published Evidence 
By L. RICHMOND WHEELjER, B.A., M.Sc. (Lond.) 

Malayan Educational Service 

1. A Critical Examination of the Evidence for Attacks by 
Birds on Butterflies 

The total published evidence for attacks by birds on butterflies 
can only be regarded as scanty, for the amount of observation 
devoted to these two most attractive classes of animals by ento¬ 
mologists, ornithologists, and naturalists generally is enormous 
[e,g. vide 1, 2, 3, 6, 9, 10ii, 12, 13, 14, 15, 16, 17, 18, 19]. As 
Marshall wrote in 1909, ** heaps more evidence ’’ is wanted ; for 
“it is curious that not one of those excellent observers, Wallaoe, 
Bates, Fritz Muller or Belt, has given us a single record of attack 
in which either bird or butterfly was identified “ [8, p. 383]. Nor 
can I regard the more recent examples, carefully collected from as 
many parts of the world as possible, as other than exceptional so 
far as healthy flying butterflies are concerned. Thus, Mr. CoUenette 
has described frequent onslaughts in Matto Grosso, Brazil [5] ; but 
Mr. Schaus, “ from an experience of many years in the forests of 
Central America, “ considered that such attacks hardly ever occurred, 
and Punnett held in 1916 that the absence of record supports this 
view [11, p. 112]. The paucity of definite evidence for tropical 
America appUes also to Malaya ; yet the reverse might be expected 
if the current views on mimicry in butterflies were correct. 

Students of the History of Science are familiar with the idea 
that otherwise intelligent men have often fallen into the error of 
imagining that abnormal or even impossible events may occur in 
remote regions (e.gr. 9, Chap. IV). It appears that this way of 
thinking does not easily die out. Thus Scudder, who was only 
famiUar with North America, where he found attacks upon butter¬ 
flies uncommon, “ readily admits that such occurrences are prob¬ 
ably much more frequent in tropical countries ” [8, p. 331]. Now 
that more is known about tropical natural history the mystery is 
sometimes shifted into tropical forests [4, p. 21]. So for Englwd 
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the abundant negative evidence aooumulated from the da 3 r 8 of 
White of Selbome is discounted, emphasis is laid on the occasional 
assaults that undoubtedly occur, and we are invited to believe, for 
instance, that kestrels habitually prey upon butterflies on the 
wing [cf. 8]. 

As regards the tropics, I think all competent naturalists would 
admit that birds are active in the early morning and the evening, 
or the night for some species, but that they are remarkably inactive 
during the midday heat; but the latter is the period during which 
the majority of butterflies are on the wing. 

Negative evidence is certainly less cogent than positive evidence. 
But when the positive cases are few and the amoimt of negative 
evidence is very large, the utmost induction that we are justified 
in making is that positive oases occur sometimes. Negative evi¬ 
dence may be of two kinds. If people are not looking out specially 
for a phenomenon, lack of observation thereof is rightly considered 
to be of little value. But if many observant naturalists have 
watched birds and insects for years and report the absence or 
rarity of an event, that event is most unlikely to be a common 
one. Negative evidence is most important and useful in biology, 
in which knowledge depends so largely upon observation, not upon 
easily repeatable experiment. To take one familiar illustration, 
a number of well-authenticated observations has shown beyond 
doubt that tigers do sometimes attack and devour human beings. 
Yet it is believed by all students of tigers that normally a healthy 
tiger will not attack mankind of its own accord. The basis for 
this belief about the normal behaviour of tigers, which are certainly 
quite capable of attacking coolies in or near the jungle, is based 
upon what writers on mimicry in butterflies describe as negative 
evidence. The number of occasions upon which persons have 
wandered unscathed in places where tigers occur is enormously 
large ; secondly, tigers are known, by positive observations, to feed 
usually upon other mamnuds, such as pig and deer. Similarly we 
depend upon induction from the structure and habits of tigers and 
upon a large amount of negative evidence for the belief that tigers 
are not habitually herbivorous; though doubtless, like domestio 
oats, they may occasionally eat a little grass as medicine, while 
there seems no reason to query the widespread belief in Medaya that 
they are very fond of the durian fruit. So the great weight of 
evidence for the belief that birds seldom attack flying butterflies 
is not to be lightly dismissed because it is “ negative.” 

The presence of lepidopterous scales in the stomachs and excreta 
of certain birds has often been adduced as an argument to show 
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that they eat butterflies. But, as Mr. N. C. E. Miller states, except 
for the androoonia found on certain male butterflies it is difficult 
to distinguish the scales of butterflies from those of moths; and 
the necessary examination with a high power microscope does not 
seem to have been attempted in many of the oases mentioned. So, 
as there seems no reason to dispute Professor Poulton’s statement 
that birds prefer moths to butterflies as food [10, p. 183], the uncer¬ 
tain argument drawn from the scales found in some avian pellets 
or crops becomes even less definite than it was before. 

Finally, it is undeniable that many biologists approach this 
question with minds already profoundly influenced by two important 
factors—a belief, or an inclination to believe, in “ Darwinism,” 
i.e. evolution through natural selection, and a wish to find an easy 
explanation for the resemblances found among a number of butter- 
fliw as regards their upper wing colours, such as the ordinary mimi¬ 
cry theory supplies. Though some of these resemblances have been 
exaggerated, the existence of others cannot be denied, at least as 
far as appearance to human vision is concerned. Any observations 
which agree with these beliefs, beliefs which are apriori as far as 
attacks by birds on butterflies are concerned, are therefore noted 
carefully, and often quoted ad nauseam, while evidence to the con¬ 
trary is discounted. This criticism is still valid for the new and 
interesting cases of assaults by birds that continue to be published ; 
the large amount of negative evidence, from Malaya for instance, 
does not receive attention. 

2. Conclusions 

The conclusions, very different from the beliefs which I held 
when I commenced this study, to be drawn from an examination of 
the published evidence upon this subject are therefore as follows: 

I. Attacks upon butterflies at rest are fairly frequent, but 
difficult to observe as sessile butterflies are often well concealed. 
These attacks are made sometimes by birds, also by lizards, spiders, 
monkeys, and various other insectivorous or omnivorous animals. 
The Neo-Lamarokian view, that adult butterflies are heodly subject 
to attack at all, is therefore incorrect. Poulton’s generalisation 
that " all well-concealed forms are good for food, and are eagerly 
chased and devoured by insectivorous animals, while unpalatable 
forms are conspicuously coloured ” (10, p. 41) applies well to butter¬ 
flies at rest, though it indicates that the majority of butterflies in 
flight are unattractive to the only creatures capable of attacking 
them, *.c. birds. Many of the devices quoted by Carpenter and 
Ford apply to butterflies at rest, not in flight. The moving “ tailn ” 
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on the hind wings of such “ Hairstreak ” butterflies as EooxUidea 
tharie seem obviously designed to protect these insects from serious 
injury while at rest, when the posterior end of the wings looks like 
the head; this advantage is not apparent in the flying butterfly. 

Many reports of attacks upon butterflies refer explicitly to 
butterflies at rest. The usual beliefs about concealing (cryptic), 
warning (sematic) and mimicking (pseudosematic) colours apply to 
butterflies at rest, not to butterflies on the wing because they are 
without effective enemies or selective agents until they become 
feeble, badly damaged, or old. The characteristics of butterflies at 
rest are found in a more marked degree among females than among 
males ; the fonner fly less and run special risks during oviposition, 
which is performed while the butterfly is more or less at rest. 

II. Attacks upon flying butterflies are very rare. They can 
seldom be made except by birds, and are often unsuccessful. Most 
insectivorous birds, except Drongos, are incapable of capturing 
uninjured butterflies during flight. Other attacks may be made 
for fun by young birds, just as a kitten will “ attack ” a leaf blown 
along by the wind; or by birds which are unusually hungry or have a 
hungry brood at home, when all is grist that may come to the mill. 

III. Butterflies as a class change their appearance more com¬ 
pletely in the positions of flight and rest than any other animals 
do. The exceptions, such as Hestia and PapUio agamemnon, do 
not invalidate this rule. Consequently a rigid distinction should 
be drawn between attacks upon butterflies at rest and butterflies in 
flight; but this has not been done up to the present, and assaults 
upon sitting butterflies by birds and even by other animals have 
been misused in support of theories about the colours displayed by 
these insects during flight. 

IV. Hence the current theory of Mimicry as applied to the upper 
wing colours of butterflies is unsound. The numerous attempts to 
prove that birds attack flying butterflies sufficiently often to be 
selective agents are unsuccessful, and Professor MaoBride is justified 
in sajring that “ I do not for a moment suggest that the phenomena 
grouped together as ‘ mimicry ’ have been fully explained, but 
enough has been said to show that the loose teleological explanation 
put forward by Bates and Mtlller and accepted by the majority of 
Neo-Darwinians breaks down when subject^ to detailed criticism ” 
[7 ; of. 12, Chap. XI]. 

3. FiNAt Obsbbvatioks 

Nothing is attempted here in criticism of the general theory of 
Mimicry. It appears to be well established in many remarkable 
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0 BB 6 B, notably those in which dangerous insects such as wasps are 
imitated by beetles, and may apply to the under wing colours of 
certain butterflies [eg, 4, pp. 22, 69]. 

I have confined my arguments to the enquiry as to whether 
flying butterflies are attacked by birds in any but a few occasional 
instances or not, and to the bearing of this upon the usual beliefs 
about mimicry of some butterflies by others. At present I do not 
attempt to put forward an alternative explanation for the upper 
surface resemblances found between certain different species of 
butterflies, principally among the females. 

We are told that those who refuse the mimicry hypothesis must 
propound another one to cover the facts [4, p. 124 ; cf. Pouiton, 10, 
p. 231]. But it is a fallacy to accept a theory merely because there 
appears to be no better one available at the moment. Almost any 
notion may be useful as a working hypothesis which evokes further 
study and observation, but it should be recognised as merely pro¬ 
visional imtil it is found to accord with all the facts, negative as 
well as positive. The cocksure attitude of many scientists has 
received many rude shocks during the present century, and it is 
better to admit ignorance than to strain an explanation which is 
plausible for some only out of a large number of apparently con¬ 
nected phenomena. That explanation to a greater or less d^ree 
is a function of science is generally admitted [20, p. 293] ; but it 
is difficult in any given case to say when the primary, descriptive, 
function of science has been adequately performed ; and without 
sufficient observation, classification, and description attempts at 
explanation will be premature and probably erroneous. 

This appears to be the position as regards the colours of butter¬ 
flies, though the ideas of Wallace, Pouiton, Punnett and others 
should prove helpful for future work. Meanwhile, more observa¬ 
tions upon wild butterflies and wild birds are needed; and it is 
probable that far more knowledge is required about the carry over 
into the imago stage of properties developed during the longer and 
more vulnerable larval and pupal periods through which every 
butterfly has to pass. 
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ASTRONOMY. By R. W. Wuiuuev, M.A., F.R.8.E.. Royal Obsorva- 
tory, Edinburgh. 

The Atmospheres of the Planets. —In his address as retiring 
president of the American Association for the Advancement of 
Science, reprinted as a supplement to Nature, 1935, Fob. 9, Dr. 
H. N. Russell took as his subject the nature and constituents of 
the planetary atmospheres. The existence of atmospheres on the 
majority of the planets has been demonstrated by direct telescopic 
observation ; the varying cloud formations on Jupiter, the alter¬ 
nate growth and shrinkage of the polar caps on Mars, an extension 
of the horns during the crescent phase of Venus when the planet 
is within 1® of the sun, occasional and transient white spots on 
Saturn, may be taken as practically conclusive evidence. On the 
other hand, there is no sign of either refraction or twilight on the 
Moon, and Mercury also has been generally supposed to have no 
atmosphere, though recent observations with the 33-inch rejfractor 
at Meudon by E. M. Antoniadi (Journal of the British Astron. Assoc., 
45, No. 6) are claimed to indicate the presence of clouds composed 
of very minute particles of sand or dust suspended in a very rarefied 
atmosphere. 

The information afforded by the spectroscope concerning the 
composition of the atmospheres is unfortunately subject to severe 
limitation, for hydrogen, nitrogen, helium, neon and argon show 
no selective absorption in the region of the spectrum which is 
accessible to study. Further, the gases of the earth’s atmosphere 
show very powerful absorption, the effect of the thin layer of 02 ^ne 
being specially troublesome, for it cuts off the whole spectrum short 
of wave length 2900 A. In the infra-red the wide bands due to 
water vajKiur make things almost equally difficult, and the most 
interesting parts of all celestial sjjectra are at present completely 
blotted out. The terrestrial absorption lines of oxygen and water 
vapour in the visible part of the spectrum hide, line for line, the 
absorption by these gases in a planet’s atmosphere. This difficulty 
can be partially circumvented by taking advantage of the line dis¬ 
placements produced by the Doppler effect when the planet is 
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approaohing or reoeding. The greatest available shift is not suffi¬ 
cient to separate completely the planetary and terrestrial lines, 
but microphotometer measures of the contours of the blends are 
able to reveal any slight asymmetry which may be present. Using 
this method at Mount Wilson, St. John and Nicholson found no 
trace of oxygen on Venus and in 1934 Adams and Dunham came 
to the same conclusion regarding Mars. On either planet an amount 
equal to one thousandth part of that above an equal area on the 
earth could certainly have been detected. As regards water vapour, 
though the test is less certain, the quantity on both Mars and 
Venus must be small. These observations are likely to be repeated 
in the near future, using red sensitive plates and stronger absorption 
lines. 

In this connection, the question has been raised whether, since 
all the observations on planetary atmospheres except in the case 
of the earth must necessarily be made from the outside, the light 
absorbed by the gases may not be scattered back towards the 
observer so strongly as to obliterate its characteristio absorption 
lines in the resultant spectrum. This suggestion has been sub¬ 
jected to an ingenious test at Mount Wilson by T. Dunham (Annual 
Report of the Director of Mount Wilson Observatory, 1934). Although 
it is obviously impossible to observe the earth’s atmosphere directly 
from outer space, it can be done indirectly by observing the feebly 
illuminated portion of the moon within the horns of the bright 
crescent a little before or after the time of new moon. The spec¬ 
trum is that of sunlight reflected from the earth to the otherwise 
dark side of the moon and then back again to earth. This sunlight 
therefore passes three times through the earth’s atmosphere, whereas 
the sunlight reflected from the bright portion of the moon traverses 
it only once. The difference between the spectra of the two por¬ 
tions of the moon must represent the spectrum of the earth’s atmo¬ 
sphere as it would appear to an external observer on the moon. 
Dunham photograph^ the spectrum of the earth-shine in the region 
of the B band of oxygen with a spectrograph of two prisms, the 
image being formed on the slit by a lens of 90 inches focal length 
fed by a small ooelostat with aluminised mirrors newly coated to 
reduce scattered light. Photometric comparisons of spectra of the 
earth-shine with those of the bright moon showed a strengthening 
of the oxygen band in the former by an amount corresponding 
almost exactly to what would be expected in a spectnun of the 
earth photographed from the moon. It appears therefore that it 
is quite possible to detect the presence of oxygen in a planetsury 
atmosphere by external speotrosoopic observation, and that it is 
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safe to infer that the absence of oxygen lines in the spectra of Mars 
and Venus does really demonstrate the absence of that element 
from their atmospheres. 

While the constitution of the atmosphere of Mars remains a 
mystery, bands due to carbon dioxide have been discovered by 
Adams and Dunham in the spectrum of Venus. Recent investiga¬ 
tions by Adel and SUpher, in which light was passed through 46 
metres of carbon dioxide at a pressure of 47 atmospheres and the 
bands found to be considerably weaker than on Venus, indicate 
that the planet must possess an amount of the gas equivalent to a 
layer two miles thick at standard pressure and temperature. On 
the earth there is but little carbon dioxide, and even at sunset the 
amount in the path of the sun’s rays is only equal to thirty feet 
under standard conditions, so it is not surprising that the bands 
in question do not appear in the solar spectrum. If, as has been 
suggested, the supply of free oxygen on earth is due to the action 
of vegetation on an original atmosphere largely composed of carbon 
dioxide, the carbon being retained by the plant and the oxygen 
liberated, then Venus seems to resemble the earth at the stage 
before life made its appearance. But, as we are still ignorant of 
the way in which life originated on earth, it is idle to make any 
conjectures as to the future development of Venus. 

In the spectra of the outer planets there are strong bands in 
the red and infra-red, which were first identified by R. Wildt as 
due to ammonia and methane. Further and more conclusive evi; 
denoe has been provided by T. Dunham {Publ. Ast. Soe. of the 
Pacific, XLV, 200, and XLVI, 231). He has definitely identified 
no less than 69 ammonia and 18 methane lines, and estimates 
the quantity of ammonia gas above the clouds of Jupiter as equiva¬ 
lent to a layer 10 metres thick under standard conditions of tem¬ 
perature and pressure. The investigation has been carried still 
further by Adel and Slipher, who by using a 46 metre path under a 
pressure of 40 atmospheres got enough methane gas in the way of 
the light to produce bands intermediate in intensity between those 
in Jupiter and Saturn, and by tins means identified practically all 
the planetary bands. From the published data it appears that 
the amoimt of methane above the visible surface of Jupiter must 
be of the order of one mile atmosphere, and there must be con¬ 
siderably more on Uranus and still more on Neptune. 

In his address Russell goes on to consider the probable course 
of the chemical changes on the major planets. After the solidifica¬ 
tion of the core the surrounding gases would presumably include 
hydrogen, helium, oxygen, carbon and nitrogen, together with 
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smaller quantities of the inert gases, of sulphur, and of the halo¬ 
gens. Under conditions of low temperature and high pressure 
carbon dioxide and hydrogen would tend to form themselves into 
methane and water, while the reaction between hydrogen and 
th3 higher hydrocarbons would also be towards the formation of 
methane. Nitrogen and hydrogen would combine to form ammonia. 
As the planet gradually cooled it would therefore become surrounded 
by an extensive atmosphere of hydrogen, methane, ammonia and 
water vapour above an ocean strongly alkaline with ammonia. 
Still further cooling would freeze the water entirely out of the 
atmosphere, leaving only hydrogen, methane and ammonia, the 
last being on the point of precipitation. For Jupiter Dunham has 
calculated 120° C. as the minimum possible temperature, for 
otherwise the quantity of ammonia observed in the atmosphere 
would be partially condensed under its own weight. He thinks 
that the gas may be in a condition of equilibrium with the solid 
phase, and that the clouds may actually consist in part of crystals 
of ammonia. On Saturn, where the surface gravity is considerably 
less and the ammonia bands are fainter, the minimum temperature 
is estimated as 10° or 15° lower than on Jupiter, and this difference 
is confirmed by the radiometric observations. 

Uranus and Neptune are presumably much colder, with tem¬ 
peratures sufficiently low to freeze out the ammonia completely 
from their atmospheres, leaving them composed of hydrogen and 
methane, and clear to great depths. This probably accounts for 
the strength of the methane bands in their spectra, and for the 
consequent green colour of their discs. On Neptune the methane 
must be very near condensation point, for the radiation from the 
sun is insufficient at that distance to maintain a mean temperature 
higher than ~~ 220° C., which is definitely below the condensation 
limit. Either the remaining internal heat of the planet or the 
blanketing effect of the methane envelope itself may be responsible 
for keeping the latter in its gaseous form, but the margin of safety 
must be small. 

Professor Bussell’s survey shows clearly how the problems of 
the planetary atmospheres, which a few years ago seemed hopelessly 
perplexing, have now, thanks to the workers at Mount Wilson and 
at Flagstaff, advanced far towards a satisfactory solution. 

E. M. Antoniadi has earned an outstanding position as a visual 
planetary observer, and special interest therefore attaches to his 
monograph “ La Plandte Mercure ” (Paris, Gauthier-VUlars), a work 
of 72 pages illustrated by 36 figures and 3 plates. This is a sum¬ 
mary of what little is known about Mercury, special emphasis being 
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naturally given to the author’s own observations with the large 
refractor at Meudon, He considers that the period of the planet’s 
rotation on its axis has now been definitely proved equal to its 
period of revolution round the sun, and that observation is therefore 
restricted to the one illuminated hemisphere, increased by the 
large libration in longitude of 23^"*7 on either side of the mean 
position. This libration is caused by the marked eccentricity of 
the planet’s orbit. A map of the surface is given, divided into 
light and darker areas to which suitable names have been assigned, 
and whose boundaries are claimed to be substantially stable, while 
brighter spots are also visible. The albedo of Mercury is very nearly 
the same as that of the moon, and indicates for both bodies a sur¬ 
face covered with lava, basalt or volcanic ash. This has been 
strikingly confirmed by polarisation observations conducted by 
M. Lyot at Pic du Midi. Antoniadi has observed on Mercury 
certain phenomena which he ascribes to clouds of fine dust. These 
clouds are much more frequent and more opaque than the clouds 
of Mars ; they seldom occur in the central regions of the disc, often 
show rapid changes in fonn and sometimes obscure wide regions 
for several days. It is suggested that Mercury possesses a highly 
rarefied atmosphere, too tenuous to be seen during transits or to 
be detected by the spectroscope, but capable of supporting enorm¬ 
ous clouds of exceedingly fine dust, which are blown about by high 
speed convection currents caused by the powerful radiation of the 
sun on the illuminated hemisphere. 

The Sun. —The lately published Annual Report of the Director 
of the Mount Wilson Observatory is a record of progress in many 
fields, but the sun naturally claims the first place in the observing 
programme. The appearance of a new cycle of sunspots during 
the past year has brought again into prominence a remarkable 
phenomenon discovered by Hale in 1912—the reversal in the sign 
of the magnetic field associated with the spots which accompanies 
their appearance in high latitudes, marking the beginning of the 
new cycle. But while the average length of the sunspot period 
is 11*2 years, twice this interval is required for the magnetic field 
in the spots to reverse its sign and then return again to its original 
direction. Only one complete magnetic cycle had therefore been 
observed since the discovery of this phenomenon, and not irntO 
its confirmation from the new spot cycle could the period of 22 to 
23 years be definitely accepted. It is now clear that in solar theory 
this magnetic cycle must be regarded as of an importance com¬ 
parable to that of sunspot activity itself. It is also suggested that 
the intensity of the sun’s ultra-violet radiation may have a con- 
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neotion with the spot cycle. For Beveral years the former showed 
a decline, while since 1932 it has increased, but it cannot yet be 
definitely stated that this approximate coincidence with the sunspot 
minimum lias real significance. A new investigation consists of 
visual measurements with a photoelectric amplifier of the contours 
and intensities of the solar spectrum lines. By this means in¬ 
formation can be gathered regarding the conditions under which 
each line is formed and the abundance of the element producing it. 

The results obtained by Humason regarding the expanding 
nebulosity emitted by Nova Persei No. 2, 1901, are of special 
interest in view of the recent observations of Nova Herculis, 1934. 
In the former star the emission lines of the spectrum were found 
to be single at the outer edge of the shell of nebulosity but double 
elsewhere owing to the Doppler effect. It seems that the material 
in the part of the shell nearest to us is approaching and that farthest 
away is receding, the relative velocity in the line of sight approxi¬ 
mating to 2,600 kra. per sec. The Doppler effect is evidently 
responsible in the spectra of all novae for the widening of the bright 
bands and for the displacements of the absorption lines which bound 
them on the violet e^e, and the “ expanding shell of gas ” theory 
seems now well established. 

A new astronomical publication Southern Stars issued monthly 
by the New Zealand Astronomical Society and edited by I. L. 
Thomsen wm first issued last November. It is evidently to be 
conducted on the lines of the Journal of the British AstronomiccU 
Association, and we wish it a career of equal distinction and 
usefulness. 

PHYSICS. By L. F. Bates, Ph.D., D.Sc., F.Iiist.P., University College, 

London. 

Thb VAiitTB OF e.—Physicists have for some time regarded with 
concern the various suggestions, which have appeared sporadically, 
that e, the charge on an electron, is not equal to 4-770 x e.s. 
units, the famous Millikan value. The problem has on several 
occasions been briefly mentioned in these articles, and it is sufficient 
now to quote the earlier works of Bftcklin {Dissertation, Upsaia 
University Arsskrift, 1928), Bearden {Phys. Bev., 33, 1088, 1929 and 
37, 1210, 1931) and Cbrk {Phys. Bev., 36, 128 and 1466, 1930) 
which have direct bearing on the subject, and that of Robinson, 
Andrews and Irons {Proc. Boy. Soc., A, 143, 48,1933) which, thou^ 
less direct, to some extent supports the general conclusions. 

Consequently, the appearance of a very clear account of some 
interesting precision measurements by Bftcklin (Zeit. filr Phys., 93, 
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460, 1935) most not pass unnoticed. B&cklin has determined the 
wavelength of the aluminium K«i,« X-ray line in absolute measure, 
using a plane reflection grating. A narrow beam of the radiation 
was allowed to fall at grazing incidence upon the surface of a right- 
angled glass prism—or, more accurately, a rectangular block of 
specially polished glass—on which lines had been ruled parallel to, 
and right up to, one edge of the glass. The beam leaving the 
grating was strictly limited by a very narrow slit set parallel to the 
edge just described. A photographic plate was so arranged per¬ 
pendicularly to the direct beam that the latter, the directly reflected 
beam and the diffracted beam all produced their several images 
thereon. 

Tho value of the wavelength was deduced from the well-known 
equation 

n . = 2 . d . sin ^ . sin 6/2, 

where <f) is the angle of grazing incidence, 6 is the angle of diffraction 
and n, X and d have their usual meanings. In these experiments, 
however, the angle between the direct ray and the reflected ray, 
and the angle between the direct ray and the diffracted ray were 
actually measured, all these rays being assumed to pass through the 
mid-point of the limiting slit. If the last two angles are respectively 
and 6^, then the above equation becomes 

nX^ ~ 2 d . sin . gin 6V2, 

where A = A* (1 -f V and where 2s is the width of 

\ r + e»)/ 

the limiting slit measured in thousandths of a millimetre, r is the 
distance between the spectrometer slit— i.e. the slit through which 
the X-rays pass before their passage to the glass block and limitiTig 
slit—and the latter, and and 6^ are expressed in minutes <rf 
arc. 

The vsdue of 2s was found by placing graphite on the cathode 
of the X-ray tube so that the very soft K. line of carbon provided 
a beautiful series of diffraction fringes of the limiting slit on the 
photographic plate. The grating constant d was foimd by mount¬ 
ing the grating on a precision spectrometer and measuring the 
copper green line 5153-26 in the flrst and fifth order spectra. Clearly, 
great precision could only be obtained by measuring the di w ta n oe 
between the limiting slit and the photographic plate with great 
accuracy ; this was done by a special measuring device standardised 
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by a new metre comparator. The final result obtained for the 
aluminium K»i, , line was A — 8-3396 A with a mean error of 
±-0010A. With this value of the wavelength, the lattice constant 
of calospar was found to be 3-0366 A, which gives a value 6-02 x 10** 
for Avogadro’s constant, and 4-806 x 10~*®e.8. units fore—^thesetwo 
constants presumably having a mean error of about 0-076 per cent. 
It might be thought then that the problem is settled. 

Unfortunately, these neat experiments have not extricated us 
from our difficulties, for a new determination of the electronic 
chaise by E. Schopper (Zeit. fUr Pkya, 93, I, 1936), carried out in 
Regener’s laboratory with an improved form of the early Ruther¬ 
ford and Greiger method, has given the value 4-768 ± 0-006 x 10~*® 
e.8. units, with a probable error stated to be 0-1 per cent. In this 
determination the charge carried by a known number of a-partioles 
was measured. Now, statistical fluctuations could only be avoided 
in such experiments by counting at least one million particles, which 
was done in this instance by means of a Geiger point counter in 
combination with an amplifier and counter of the Wynn-Williams 
t 3 rpe. The charge was satisfactorily measured by a single-string 
electrometer of the tjrpe used by Regener in his cosmic ray in¬ 
vestigations. 

An idea of the measurements may perhaps best be gained by 
supposing that a limited stream of a-rays from a polonium deposit 
on platinum foil passes across an evacuated chamber, to be received 
by a Faraiday cylinder connected to an electrometer. The majority 
of the a-particles are captured by the receiver, but some small 
fraction is permitted to pass through a hole in the receiver. The 
latter particles then continue on their way across the chamber to 
fall upon a very thin mica window which covers a gas-filled counter. 
The number able to enter the counter is further limited by a dia¬ 
phragm placed before it. 

The accuracy of the measurements thus depend upon the exact¬ 
ness with which the fraction passing through the receiver can be 
estimated; the probable error is stated to be about 0-02 per cent. 
For finding the capacity of the electrometer system a rod which 
formed the central electrode of a cylindrical condenser was attached. 
The capacity of the attachment could be increased by known 
amounts by adding a further length of rod and outer cylinder, the 
initial and final capacities being compared by a method due to 
Clay {Zeit. f&r Phya., 78, 260, 1932). Corrections had to be made 
for the smsJl ionisation currents, polarisation of the insulators used 
in the electrometer, d-rays and reversal or change of charge of the 
incident a-rays, the final result being that quoted above. 
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How then are the new sets of experimental results to be recon¬ 
ciled ? Two suggestions may be put forward. First, it is not 
unreasonable to suppose that the behaviour of the ruled grating in 
X-ray diffraction is not completely understood. However, it appears 
impossible to specify in what way the theory can be elaborated, 
and the second suggestion must be considered. This is oontadned 
in a letter to Nature, 135, 826, 1936, contributed by Bond, who 
suggests that the factor 136/137 is involved. Eddington deduced 
on theoretical grounds that h . c/2ne* was equal to 137. Assuming 
this to be correct, and that the ratio of the mass of the proton to 
the mass of the electron is 1847-6, and taking the known values 
of the Faraday and the Rydberg constant. Bond estimates the 
value of e to be 4-776 ± 0-0004 x 10“e.s. units. He suggests 
that the crystal-grating X-ray estimate of c is reaUy an estimate of 
m (4-776) X 10'‘®, i.e. 4-810 X 10 ■‘® e.s. units. He shows that 
the latter value may be obtained by assuming h c/2ne* — 137, but 
using e/m = 1-767 x 10’ in the Rydberg-Bohr equation. These 
figures are very striking and perhaps make us think that we are 
nearer a solution of the problem, but to some physicists the intro¬ 
duction of the mystic 137/136 may be equivalent to the statement 
that the theory of the grating is not properly understood. 

The Masses of the Light Elements. — k paper likely to appeal 
very much to all who enjoy playing with mass numbers is that 
published by Oliphant, Kempton and Rutherford {Proc. Roy. Soc., 
150, 241, 1936) on some nuclear transformations of beryllium and 
boron and their incidence on the masses of the light elements. It 
is knovm that when beryllium is bombarded by protons, a-rays of 
range about 3 cm. are liWated in small numbers. These are gener¬ 
ally attributed to the presence of some impurity which is sufficiently 
wide-spread to give similar effects with most other substances. In 
addition, however, it would be expected from a knowledge of the 
behaviour of lithium and boron, that a nuclear transformation of 
the type 

,Bo'-f--f ,Ho*-f E, . . . (1) 

shoidd be possible, resulting in the emission of o-particles of range 
about 2-4 cm. This range is computed from the available energy 
El in the above equation, which is calculated from the mass changes 
. as provided by the careful results of Aston and of Bainbridge. 
Actually, it is found that two groups of particles of almost exactly 
the same range, 7-4 mm., are present, but one is singly charged and 
the other doubly charged. Deflections produced during passage 
through electric and magnetic fields, separate or combined, show 
that the singly charged particles must be H*, while the doubly 



PHYSIOS 287 

charged particles are a-particles He*. The following equation 
represents the process in which a H* particle is emitted 

4 Be* + 4 Be» -f jH* -f E, . . . ( 2 ) 

The results obtained by bombarding beryllium with heavy 
hydrogen are much more complicated, for there are emitted groups 
of particles of ranges about 1 , 1 - 6 , 3, 8 , 14 and 26 cm. Records of 
the oscillograph connected to the detection chamber are compared 
with the records produced by a-particles from polonium, and show 
that the 1- and 3-om. particles are doubly charged, the others singly 
charged. The numbers of particles in the 1 - and 3 0 -cm. groups 
are approximately the same, suggesting that they arise from a 
single transformation which is represented by 

4 Bo» 4 .Li’ + aHe* 4 E, . . , (3) 

although previous mass data would give a value for E, corresponding 
to a range of 6 2 cm. for the a-particles instead of 3 0 cm. 

The groups with ranges of 1*6 cm. and 14 cm. are thought to 
arise from the bombardment of absorbed heavy hydrogen by the 
heavy hydrogen ions, according to the equation 

4-.... (4) 

The 26 cm. group is only to be explained on the assumption that 
a new isotope of beryllium Be^® is formed as follows 
4 B 6 * 4- + E 4 , 

where E 4 has the value 0 0050 mass units. The 8 cm. group is 
thought to arise from the transformation 

4 Be» + 4 Be» + + E* . . . (5) 

In addition to these groups neutrons are also omitted, some 
arising from the transformation of absorbed heavy hydrogen and 
others from the reaction 

4 Be» 4 - 4 0 ^' 4- E, . . . ( 6 ) 

where the experimental value of the neutron energy may be taken 
to lie between 4 5 and 10 million electron volts. 

Turning now to the experiments with boron, it is found that 
the main transformation produced by proton bombardment may be 
represented by 

8B“ 4 - iH‘ 3aHe* -f E^ . . . . (7) 

If Aston’s values of the masses are used in this equation the oaj- 
oulated energy is 11*4 million electron volts, whereas experiment 
gives about 3 million as the energy of each a-particle, t.s. a total 
of 9 million for the whole process. However, Kirchner {Phya. Zeit., 
34, 897, 1933) found a new group of a-partiolea of range 4-6 cm., 
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whose existence has now been confirmed at Cambridge. They 
form about 1-4 per cent, of the total number of a-partioles, and it is 
suggested that the following equation represents their mode of 
formation 

,Be" + + ,He* + E. . . . (8) 

but the mass of Be* derived from this equation on the basis of 
Aston’s mass data would not agree with the value deduced from 
equation (2). We see then that in these transformations differences 
of 2 to 4-6 million electron volts arise, and these lie outside the 
range of experimental error both in the mass and transformation 
experiments. 

When an explanation of these desorepancies was sought, it 
was noticed that in Aston’s and Bainbridge’s work the masses of 
H^, H*, Li* and Li’ were determined directly or indirectly against 
He*, whereas those of Be®, B*®and B“ were measured by comparison 
with O^*, either directly or through C‘*, the mass differences being 
computed in terms of Consequently, if there exists any error 
in the standard mass of used in these comparisons introduced by 
an error in the original determination of the He* — O** mass-ratio, 
a cumulative error will be brought into all the other masses. Now, 
this mass ratio was the first to be determined with Aston’s new mass 
spectrograph, and, as a basis of discussion, Oliphant, Kempton and 
Butherford therefore assumed that for some reason unknown— 
possibly because of the polarisation of the electric field—and irre¬ 
spective of the ordinary distributed errors of measurement—an 
error denoted by 4x was made in the mass of ,He*. ’A search 
through the original papers showed how this error would enter into 
the mass determinations of the other elements. Thus errors of 
-h 6x, + lx and — 5x would occur in the cases of ,Li*, »Li’ and Be® 
respectively, and it was found that if x was taken equal to 0-000314 
mass units, corresponding to an error of one part in four thousand 
in Aston’s measurements, then all the above discrepancies could be 
removed. 

If this explanation is accepted, then the work described above 
means that a new table of mass data for the lighter elements must 
be put into use, and two new isotopes of beryllium of masses 8 and 
10 must be recognised ; on the new scale the masses of these three 
isotopes are about 8-007, 9-014 and 10-015 units. The experimental 
evidence so far collected indicates that all three are stable and it 
may be surmised that the discovery of the 8 and 10 isotopes will 
speedily result from a re-examiiuition of beryllium from various 
natural sources. 
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METEOROLOGY. By E. V. Newnhah, B.Sc., Meteorological Office, 

London. 

Thb Climatb 07 London. —There is no other region in the British 
Isles, and but few in other parts of the World, for which such detailed 
climatological statistics are available in a small area as within the 
county of London. This fact, together with the magnitude of the 
population that experiences London’s climate, are two reasons 
why it is worthy of particular study. 

The climate of London when considered in its relationship to 
world climatology is essentially that not only of the British Isles 
generally but of most of Western Europe, and when the world dis¬ 
tribution of this type of climate, as defined, say, by K6ppen and 
Geiger, is examined, it can be seen that apart from Western Europe, 
it occurs over a very small proportion only of the earth’s land sur¬ 
face. The main characteristics, the small range of monthly mean 
temperature and absence of a dry season, are the characteristics of 
ocean climates in middle latitudes, and extend so far inland over 
Europe only because of the strength and persistence of the south¬ 
westerly winds that prevail between the nearly permanent area of 
high pressure near the Azores and the equally persistent low pres¬ 
sure around Iceland. There are vast areas of similar climate over 
the oceans of both the northern and southern hemispheres. 

Having defined it in its broadest aspect, we can consider the 
difierent elements separately, and the account can be completed by 
some comparisons with the climates of other parts of the British 
Isles. 

Precipitation .—^Although by far the greater part of the precipi¬ 
tation of London, even on the northern heights, is in the form of 
rain, the heavy falls of snow that occasionally occur in winter have 
an important influence on the moidence of spells of exceptionally 
severe frost, as will be seen in the next section. 

There has been a sufficient number of rain gauges for the past 
fifty or sixty years to enable a comparison to be made of the average 
annual fall in difierent parts of London, and this has recently been 
done by Dr. J. Glasspoole, of the Meteorological Office, London.^ 
He finds that in terms of the standard period 1881-1915, largely 
used in such comparisons in this country, the average annual fall 
for the County of London u about 23* 7 inches. Some of his remarks 
on the local variations may be quoted. He says : “ The average 
annual rainfall increases fairly steadily over the County of London 
from just less than 21 in. in the extreme east, near the main river, 
to rather more than 25 in. in parts of the high land in the extreme 
1 Britieh RaitifiUl 1883, p. S66. 
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south and just over 26 in. in the extreme north. The range over 
the whole map is from 20-8 in. at the Northern Outfall Sewage 
Works, to the east of Beckton, to 27 in. at Bushey Heath in the 
extreme north-west. The relation of the annual rainfall to the 
configuration of the land is well marked. The region with less than 
22 in. is confined to the neighbourhood of the main river below the 
Isle of Dogs and to part of the area drained by the river Roding.” 

The figures in the following table give some idea of the average 
seasonal variation, as well as an indication of the upper limit for 
the totals in individual montlis that may be expected over a period 
as long as a century. 


Avuraois and Maximum Monthly Falls at GuKiianviOH (1815-1914) 



Jan. 

Fob. 

Mar. 

April. 

May. 

June*. 

July. 

Aur. 

Bept. 

Oct. 

Nov. 

Dec. 

Maximum Fall 













(inche«). 

4*35 

4*03 

4*05 ; 

4*35 

4*37 

6*07 

6*75 

5*38 

5*54 

7*65 

6*00 

6*02 

Year . . . j 

1877, 

1866 

1851 ; 

1829 

1865 

1903 

1888; 

1878 

1896 

1880 

1852 

1914 

Average . 

1*79 1 

1 

1*53 

1*59 

1*61 

1*90 

l2*00 

2*38! 

2*30 

2*16 

2*68 

2*80 

2*02 

1 


The driest year in this series was 1864, with 16*38 in., and the wettest 1003, with 
35*54 in., the average being 24*26 in. 


The contrast between the normal rainfall of the driest part of the 
year and that of the wettest is greater than these figures suggest. 
The figures for the average daUy fall suggest that, when “ chance ” 
irregularities are smoothed out, the mean daily fall towards the end 
of October is about two and a half times as great as the mean 
daily fall late in March. The existence of a maximum in autuinn 
is shared by a large part of the coastal regions of North-West 
Europe, but not by any means by all parts of the British Isles, for 
there are on the one hand high level stations that get much of their 
rainfall from the forced ascent of the westerly and south-westerly 
winds, and have their maximum in winter when these winds are 
on an average strongest, and on the other, places, for example in 
East Anglia, that do not normally receive a great deal of rain when 
such winds prevail but are more afiected by summer thunderstorms, 
and so have a summer maximum. It is doubtful whether the 
marked maximum for London late in October can be adequately 
explained, still less a secondary minimum that appears to be present 
in September, for a number of factors are probably responsible 
and the general circulation of the atmosphere may very well be 
involved. 

This account of the precipitation would be incomplete without 
some statistics relating to the occurrence of snow, hail and thunder. 
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The figures in the following table are taken from The Book ofNormala 
(Section IV6) of the Meteorological Office. 


FiiBqtntNCY OF Days at Kbw on which Snow cm Hail fell, Snow was lyino 
IN THE Morning, Thunder was Heard, and of Days with -01 in. or more of 
Prboifitation 



J. 

r. 

M. 

A. 

M. 

i. 

J. 

A. 

S. 

0. 

N. 

D. 

Snow» 1881-1915 . 

3-3 

3 1 

3*4 

1*0 

0*1 

_ 

. 

- 


_ 

0*8 

1*9 

Snow lying, 1912-20 

10 

1-6 

0*7 

0*2 

— 

— 

— 

— 

— 

— 

0*3 

0*4 

HaiI, 1881-1915 . 

06 

0-5 

1-2 

00 

0-9 

0-4 

0*2 

0*2 

0*1 

0*2 

0*2 

0*8 

Thunder, 1881-1915 
Days with *01 in. or 

01 

01 

0-7 

1 

M 

1 

2*2 

2*3 

30 

30 

M 

0*6 

1 

0*1 

0*1 

more preo i pi tati on, 
1881-1915 . . 

16 

13 

i i 

O j 

i 

i *** 

12 

12 

12 

13 

12 

17 

1 

16 

17 


Temperature .—The figures in the following table show the 
essential features of the average annual march of temperature in 
London. 


Monthly Avekaobs of Tempbrati;re for Greenwich, Kew and Camden Sqitarh 

(1901-.W) 



Jan. 

Feb. 

Har. 

April. 

May. 

June 

July. 

Auc(. 

8ept. 

Oct. 

Nov, 

1>CC. 

Year. 

Greenwich 

40*1 

40-3 

43*3 

47*3 

54*7 

■ 

59*2 

63*3 

625 

57*8 

51*1 

43-2 

40*8 

50*3 

Kew . 

40*4 

407 

43*2 

47*1 

54*5 

59*0 

62*8 

ei-7 

57*3 

50*9 

43-61 

41*4 

50*2 

Camden j 

Square . 

40*1 

40-5 

43-7 

48*3 

56*3 

60*7! 

64*3 

63-2 

58*8 

61*7 

43-7 

4M 

51*0 


Strictly homogeneous figures are not available for enough places 
or for long enough periods to make it possible to compare the dis¬ 
tribution of mean temperature throughout the county of London, 
and apart from the fact that on the northern heights the normal 
decrease with elevation at the rate of about 1° in 300 feet operates 
to give a mean temperature more than a degree lower than that of 
places near the level of the river, little can be said about the slight 
differences that no doubt exist between different parts of London. 
It is certain, however, that where buildings are most numerous it 
tends to be warmer both in winter and summer, for in winter the 
artificial heating of the houses has an effect, and in summer the 
buildings are more heated by the sun than are the open regions 
covered with trees or grass, and the air becomes the more heated 
in that the buildings reduce the ventilating effect of the wind. 

Extreme values of temperature in the eighty years 1841-1921 
at Greenwich range from 4® F. on January 8, 1841, to 100° F. on 
August 9, 1911. It appears to be almost a necessity to have the 
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ground snow-oovered if temperature is to fall more than about 
fifteen to twenty degrees below the freezing-point in London, and 
in nearly all prolonged spells of severe frost the ground is snow- 
covered. The reason for this appears to be that so long as there is 
no snow on the ground heat passes outwards from the ground by 
conduction when the air is very cold, and the further the tempera¬ 
ture falls the bigger is the slope of temperature and consequent 
transfer of heat, for the ground cools comparatively slowly. There 
is in this way a powerful check upon excessive lowering of air tem¬ 
perature such as takes place at night when the air is calm and very 
dry and the sky is clear. Snow, especially if newly fallen, is a very 
bad conductor of heat, and tends to check this outward flow of 
heat from the ground. In addition, the whiteness of snow is proof 
that it largely reflects sunlight, whether direct or diffused, from 
clouds, and solar radiation falling on the snow-covered ground 
during the daytime is nearly all reflected back through the atmo¬ 
sphere, whereas with bare ground it would be absorbed and would 
raise the temperature of the surface of the ground and in this way 
the air in contact with the ground. The upper extremes of tem¬ 
perature are generally due to the combined action of various causes. 
It appears to be necessary, in order that temperature shall rise 
above 90 degrees, to have the air in summer drawn from hotter 
regions, as for example will happen when southerly winds over the 
Mediterranean bring air from the Sahara to Southern Europe and 
when this air drifts north-westwards to England. If, in addition, 
the sky is practically cloudless and the upper atmosphere very dry, 
the heat may become almost tropical by the afternoon. 

It may be noted that the reading of 100® F. at Greenwich was 
not equalled in any other part of London, and would probably not 
quite have been attained at Greenwich had the thermometers 
there been housed in a screen of the standard pattern. So far as 
can be judged a temperature of 100® F. represents very nearly the 
upper extreme that is to be expected in London, but there seems 
no reason why temperature should not fall below 0® F. under 
favourable circumstances, as has happened in some other parts 
of England where the winter is not normally any colder than it is 
In London. 

Sunshine ,—The following table shows the average monthly and 
annual totals of bright sunshine in various parts of London. The 
measurements are in all cases made with the aid of the Campbell- 
Stokes sunshine recorder, which focusses the sun's rays by means 
of a glass sphere on to a card and scorches the card so long m the 
sunshine is strong enough. 
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AviSAAaB SUKBHIKB IN HoiTES, 1901-90 



J. 

F. 

M. 

A. 

M. 1 J. 

J. 

A. ! 8. 

0. 

N. 

1). 

Year. 

Butihill How . 

16 

34 

76 

124 

183 186 

180 

170 j 127 

73 

25 

9 

1203 

Greenwioh . 

40 

60 

102 

143 

202 1 202 

198 

189!151 

98 

50 

31 

1466 

Hagant^s Park 

28 

44 

81 

1281 

196!194 

191 

173 124 

77 

38 

21 

1295 

Kew 

44 

61 

103 

149 j 

203; 199 

i 195 

183,145 

93 

53 j 

37 

1465 

Westminster . 

1 

27 

4r) 

86 

136 

1941 194 

188 

178 135 

83 

34 j 

21 

1321 


These figures cannot quite be accepted at their face value, for 
they are aflFected by various factors which prevent them from being 
strictly intercomparable, among which must be included the slight 
loss of record due to obstruction of the sun during certain times of 
the day at some of the observing stations. One point of difference 
between the averages is not due to any such causes, namely the 
superiority of the outer suburbs in winter over places near to the 
centre of London—an effect due to smoke. It has been shown 
incidentally that this effect has been smaller in recent years than 
was the case in the later decades of last century, when sunshine 
recorders were first used. This seems to be almost certainly due 
to the growth of London and the diminished use of coal in domestic 
grates. The smoke pall in the earlier years was denser and was 
concentrated within a smaller area, and in those years Kew and 
Greenwich were rural neighbourhoods. Now these last have become 
urban, and consequently rather more smoky, while the central parts 
of London are less smoky. 

ItekUive Humidity .—^More refined methods of measuring the 
humidity and an increased number of stations keeping continuous, 
or at least hourly, records would be necessary for a study to be 
made of slight local differences of humidity, such for instance as 
may possibly exist between the regions in the north where the soil 
is clay, and in the south where it is more often a porous sand or 
gravel that readily dries up in summer. It seems fairly certain 
that the regions in which there is practically no bare soil or grass, 
but only well drained tarred or paved roads and flagged pavement, 
are drier than the parks or outer suburbs, and the distribution of 
fogs in recent years supports this view. There is often fog in the 
morning in the outer suburbs, when the centre of London has none, 
and in a period of widespread fog there is often more fog in, and 
near to, the Parks than in other parts of the centre of London. 
This effect may, however, be partly due to the greater warmth of 
the more built-up areas. 

From the records of the photographic dry and wet bulb thermo¬ 
graph that has been in operation for a long period at Kew, hourly 
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averages of relative humidity have been computed for the period 
1886-1910. The relative humidity, which is defined as the ratio 
of the actual pressure of water vapour at a given time to the maxi¬ 
mum possible at the temperature at that time, has been calculated 
on tables made out by Glaisher many years ago that have been used 
in the official publications of the Meteorological Office until 1926. 
The values so obtained differ little from those given by the more 
recent official tables. The diurnal variation in each month is 
sufficiently well shown by the figures for the odd hours 1 h., 3 h., 
etc., given in the following table : 


Mean Relative Humiditv, 188ft-19l0, at Kew 


Month. 

Ih. 

3h. 

5 h. 

7 h. 

9 h. 

11 h. 

13 h. 

15 h. 

17 h. 

19 h. 

21 h. 

23 h. 

Mean. 

Jan. . . 

86-6 

86-8 

86*5 

87*0 

86*4 

82-9 

79*7 

79*6 

82*7 

84*6 

85-4 

86*1 

84*7 

Fob.. . 

84*7 

85-2 

85-4 

85*4 

84*0 

78*5 

74*6 

73*7 

77*1 

81*2 

83*2 

84*3 

81*6 

March . 

85*4 

86-6 

86*8 

86*4 

81*0 

73-1 

68*4 

67*0 

69*9 

76*8 

81*2 

84 3 

79*1 

April. . 

84-4 

86* 1 

86*9 

8;j8 

75*3 

66*6 

62*3 

61*0 

62*9 

69*9 

77*4 

81-9 

75*0 

May . . 

84-6 

86*8 

86*8 

81*1 

711 

6 r.o 

60*9 

59*5 

60*7 

66*6 

75*6 

811 

73*4 

June. 

84-3 

87*1 

85*7 

79*7 

71*3 

64*8 

60*4 

58*6 

59*8 

65*5 

74*9 

80*7 

729 

July . . 

86-1 

87*2 i 

87*1 

i 80*8 i 

70*7 

63*4 

59*4 

57*8 

i 59*2 

65 1 

75*9 

81*7 

7249 

Aug. 

86-8 

88*51 

89*0 

84*9 

74*3 

1 65*4 

61*0 

59*7 

161*7 

70*4 

79*6 

84*1 

76*6 

Sept.. 

88*4 

89*6 

90*0 

88*5 

80*0 

70*7 

65*4 

64*1 

68*1 

78*0 

83*4 

86*4 

79*6 

Oct. . 

89-9 

90*6 

9M 

|90*6 

85*9 1 

78*2 

73*3 

72*8 

79*1 

85*2' 

87*6 

89*1 

84*6 

Nov.. 

89*2 

89*7! 

89*4 

89*6 

87*91 

83*6 

79*4 

79*2 

84*0 

86*3 

87*7 

88*71 

86*4 

Dec. . • 

87-4 

87*8 

87*8 

1 87*4 1 

87*1 

84*4 

81*8 

81*9 

860 

86*2 

86*8 

87*3 

861 

Year. ♦ 

86-4 

87*7! 

87*7 

85*4 

I 79*6 1 

73*1 

68*9 I 

67 9 

70*9 

763 

j81*6 

84*6 

79*3 


It will be observed that, generally speaking, relative humidity 
is lowest when temperature is highest and vice versa. Thus in fdl 
months the relative humidity is highest in the early morning and 
lowest in the early afternoon, and it is much lower in June and July 
than in the winter months. The driest time in the year on an 
average is at about 16 h. G.M.T. in July and the dampest at about 
6h. G.M.T. in October. As a rule the vapour pressure does not 
change much in the course of the day, and the large diurnal variation 
of relative humidity in summer is simply an expression of the laige 
increase in the capacity of the air for water vapour with a ricdng 
temperature. In spite of the fact that the air normally contains 
far more water vapour in summer than in winter, it is in summer 
that the lowest values of relative humidity are to be found ; they 
occiu' when a very high temperature is reached as a result of pro¬ 
longed sunshine in dry weather. At such times the humidity may 
fall below 20 per cent., as happened on July 10, 1934, when the 
phenomenally low value of 16 was recorded at Kew. 

Changea of ClinuUe .—^It is an open question whether the olimate 
of London is undergoing any lasting change other than the ali ght 
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rise of mean temperature that is to be expected from the increased 
area covered by buildings. Severe frosts have been notably scarce 
since the run of cold winters from 1890 to 1896, but there is evidence 
that even longer periods of immunity have occurred, one of these 
occup 3 dng the middle part of the last century. It is a curious fact 
that the mean temperatures of all the districts into which the 
British Isles are divided for official purposes have been above the 
average in 1932, 1933 and 1934. 

BIOCHEMISTRY. By W. O. Kkbmack, M.A., D.Sc., F.R.S.E., Research 

Laboratory, Royal College of Physicians, Edinburgh. 

Thb Biochemistry of Muscular Exercise. —^What actually 
happens in our muscles when we lift a weight or run a race ? The 
attempt to answer this question has led, during recent years, to 
much interesting and fruitful research, the object of which is to 
discover the relations between the actual performance of muscular 
work and the chemical process of combustion, that is, the oxidation 
of organic compounds from which the energy is ultimately derived. 
The animal body, in many ways, resembles an engine, more especi¬ 
ally an internal combustion engine, but as compared with the 
engine of the ordinary motor-car there is one striking difference. 
The latter consumes oxygen—and fuel—only whilst it is running. 
When stopped nothing more happens. But it is a matter of com¬ 
mon experience that hard muscular exercise, carried on for even 
a short time, is followed during rest by a period of intense breath¬ 
ing. It thus appears that the process of combustion, which sup- 
pUes the energy, takes place to some extent after the exercise h^ 
been completed. It is as if the motor was provided with an accu¬ 
mulator which supplied the energy or part of the energy for driving 
it and which, when the car was stopped, was gradually recharged 
by the engine which would then have to run for some time and 
consume oxygen. Thus immediately after the exercise is com¬ 
pleted the body may be regarded as being in a state of oxygen 
deficiency and oxygen has to be supplied to bring it back to its 
normal resting condition. Professor A. V. Hill has called this the 
phenomenon of oxygen debt and an interesting account of this 
conception in relation to athletic performances was given in his 
presidential address to section I of the British Association in 1925 
\Bep. of the B.A., 1925, 166). 

At that time it was known that the anaerobic contractbn of 
isolated muscles was accompanied by the formation of lactic acid 
and that lactic acid appeared in the muscles and the blood of the 
living animal simultaneously with the development of the oxygen 
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debt. It was therefore generally assumed that the contraction of 
muscle was accomplished in the first place at the expense of the 
anaerobic reaction 

carbohydrate —► lactic acid 

and that the excess oxygen subsequently utilised by the body was 
required to oxidise completely part of the lactic acid to tV)> 
part of the energy so produced effecting the resynthesis of glycogen 
firom the rest of the lactic acid. But recently it has become clear 
that the relation between the production of lactic acid and muscular 
contraction is not so direct as had then been thought. Some of 
the evidence which leads to this conclusion was discrissed in one 
of these articles (Soibnok Progress, 1934, 28, 682). Margeria, 
Edwards and Dill {Amer. J. Physiol., 1933,106, 689) have recently 
approached the problem from a different point of view and their 
results are of considerable interest and importance. 

These authors have carried out a series of observations on a 
suitable subject, actually a trained athlete, before, during and after 
the performance of spells of exercise on a treadmill. The duration 
of the exercise was usually 10 minutes and the intensity was graded 
by var 3 dng the speed of the mill. From the observations the 
oxygen debt incurred at the end of the exercise could be calculated 
and a graph is given in which the blood lactic acid is plotted against 
the oxygen debt. It becomes clear from this graph that there is 
little or no increase in blood lactic acid when the oxygen debt is 
less than 3-4 litres. On the other hand when the oxygen debt 
exceeds 6 litres the increase of blood lactic acid is proportional to 
the increase of oxygen debt. Now Margeria, Edwards and Dill 
produce a considerable volume of evidence which indicates that 
under the conditions of the experiment no substantial error will be 
committed by assuming that the blood lactic acid is in equilibrium 
with that in the muscles and tissues generally, that is to say, that 
the increase in blood lactic acid is a measure of the lactic acid 
produced during a spell of exercise. The obvious conclusion is that, 
during the contraction of the first 3-4 litres of oxygen debt, some 
mechanism is involved which does not produce lactic acid. On the 
other hand, once the oxygen debt has exceeded 5-6 litres any 
increased oxygen debt is incurred entirely through a mechanism 
which results in the formation of lactic acid, presumably the well- 
known anaerobic production of lactic acid from carbohydrate. 
Thus there are two types of debt designated by these authors as 
the alaotaoid and the lactacid debts respectively. The first comes 
into play almost exclusively when small oxygen debts are involved, 
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but is limited in its capacity to 3-4 litres. The lactaoid debt, on 
the other hand, may, in the case of trained athletes, amount to 
12-15 litres. Naturally the exact figures depend on the size of the 
man as well as on the type of exercise. 

Margeria, Edwards and Dill proceed to analyse the rate of 
repayment of the oxygen debt, that is to say, the rate of con¬ 
sumption of excess oxygon by the resting subject after exercise. 
It had previously been shown by Hill that the payment of small 
oxygen debts goes on at a relatively much faster rate than the 
payment of larger oxygen debts. It now appears that, in the case 
of debts involving the lactacid as well as the alaotacid mechanism, 
the curve of repayment is a composite one. After the first few 
minutes it is essentially exponential in type and runs parallel to 
the disappearance of lactic acid from the blood. There seems little 
doubt that the two correspond and that this slow repayment of 
oxygen debt which is not complete for 1-2 hours corresponds to 
the removal of lactic acid fi*om the body. If this curve of lactaoid 
debt is extrapolated backwards it is found that it only accounts 
for part of the repayment which takes place immediately after 
exercise. The residue clearly corresponds to the alaotacid debt. 
It amounts, at the most, to about 3-4 litres and in the case of small 
total oxygen debts it is the only type involved. Its payment is 
practically complete in about 3 minutes. Reverting to the previous 
analogy, one might imagine that a very large condenser was placed 
in parallel with the accumulator. When a large caU is m^e on 
the current the condenser would partly discharge itself. But its 
capacity is limited and so, for more prolonged or larger quantities 
of current, the accumulator comes into play. Both are replenished 
by working the motor, but the recharge of the condenser can be 
done much more quickly than that of the accumulator which can 
only be recharged at a relatively slow rate. 

In coming to the above conclusions Margeria, Edwards and Dill 
find it necessary to discuss at some length a number of questions, 
subsidiary to the main issue but interesting and important in them¬ 
selves. For instance, the calculation of the oxygen debt incurred 
after exercise is complicated by the fact that the resting metabolism 
several hours after exercise is still above the pre-exercise level, and 
it appears preferable to take this and not the latter as the base line. 
Though this and other disturbances may introduce a certain element 
of doubt as to the exact magnitudes of the lactaoid and alaotacid 
debts it seems fairly certain that the general picture is a true one. 

Confirmatory evidence is adduced in a subsequent paper (Amer. 
J. Physiol., 1936,108, 341) which attacks the same problem firom 
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a somewhat different angle. Here an untrained subject performs 
repeated spells of intense work with a rest of about 6 minutes 
between each spell. Evidently, on the above theory, the alactacid 
mechanism should be completely restored during the resting period. 
The increase of blood lactic acid produced by the period of exercise 
is plotted against the time of the exercise. A little consideration 
shows that, according to the theory, this increase should be zero 
for some time after the beginning of the period but should then 
rise at a constant rate. As each spell of exercise is carried on to 
exhaustion the initial period of no rise is always passed so that the 
observations should fit on to a straight line. Actually they find that 
this is so, the equation for the rise in lactic acid (A L.A.) being 

A L.A. = ^ 69 + 4 33 t. 

The time t = 69/4-33 = 15 seconds corresponds to the period dur¬ 
ing which the alactacid mechanism alone is in action and calculation 
shows that this leads to an alactacid debt of about 3 litres, in agree¬ 
ment with that arrived at by the analysis of the curves of oxygen 
uptake. 

The question naturally arises as to the nature of the alactacid 
mechanism. To anyone familiar with the results which have been 
obtained during the last few years from the study of isolated muscle, 
for example the results of Clark, Stewart, Eggleton, etc., on the 
isolated frog’s heart briefly described in a previous article (Soibnoe 
Progress, 1934, 28, 682), the most obvious suggestion must be that 
the alactacid mechanism is to be identified with the breakdown of 
phosphagen into its components, creatine and phosphoric acid. 
The authors naturally considered this possibility and show that the 
amount of phosphagen present in the muscles is of the right order 
to account for the alactacid oxygen debt. The idea is that when 
the muscles contract, the phosphagen breaks up, liberating thereby 
sufficient energy to carry out the work of contraction. If the 
muscle then rests, res 3 mthesis of the phosphagen at once begins at 
the expense, ultimately, of the oxidation of the ordinary body fuel 
—carbohydrate, fat or protein. If, however, the exercise is con¬ 
tinued, fixrther breakdown of phosphagen occurs and resjimthesis 
proceeds more and more quickly as the concentration of creatine 
and phosphate increases, until an equilibrium is established in which 
* a considerable proportion of the phosphagen is dissociated. At the 
cessation of exercise the free creatine and phosphate rapidly recombine 
and the alactacid oxygen debt, which has been incurred, is paid off. 

When we come to inquire as to the exact relations between t»he 
phosphagen mechanism on the one hand and the process of car* 
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bohydrate breakdown on the other, we find that we are presented 
with a very complicated jig-saw puzzle. It is all the more com¬ 
plicated because we are not even sure which pieces belong to the 
one puzzle, but, during the last few months, some very important 
observations have been made which seem likely to help in the 
fitting together of the pieces. 

The discovery of phospho-pyruvic acid by Meyerhof and Loh- 
mann is of especial significance {Nature, 1933, 132, 337). In a 
recent article of this series a brief account is given of the scheme 
put forward by Embden as a description of the chemical stages 
involved in the breakdown of carbohydrate into lactic acid. A 
brilliant series of papers by Meyerhof and his school, published 
since Embden put forward his theory, have completely substantiated 
the main features of the scheme and have added much to our know¬ 
ledge of the details of the steps involved. The essential idea is that 
carbohydrate, after being phosphorylated with the formation of a 
hexose mono- and di-phosphate and finally of a triose monophos¬ 
phate, is then converted into phosphoglyceric acid (III) as the 
result of oxidation. The phosphoglyceric acid is then converted 
into pyruvic acid and phosphoric acid, the pyruvic acid ultimately 
acting as the oxidising agent involved in the previous stage and 
itself being reduced to lactic acid. (It is probable that this mutual 
oxidation and reduction takes place through the intermediate action 
of the system CH*OH CHOH CHtOPO,H» triosephosphate.) 
Now, at first sight the jump from phosphoglyceric acid (III) to 
pyruvic acid (II) and phosphoric acid appears rather a big one, 
but it has been found by Meyerhof and Lohmann {Biochem, Zeit,, 
1934, 273, 60) that if phosphoglyceric acid (III) is acted upon by 
a suitable enzyme in the absence of co-enzyme (that is to say, 
adenyUc acid and magnesium) the product is not phosphoric acid 
and pyruvic acid but phosphop 3 rruvio acid. This discovery was 
soon supplemented by another, namely, that in presence of muscle 
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enzyme the /J-phosphoglyoeric acid (III) rapidly comes into equili** 
brium with the a-phosphoglyceric acid (IV). Thus it seems clear 
that the transition from /S-phosphoglyoeric acid to the pyruvic acid 
and phosphoric acid takes place by easy stages through a-phos* 
phoglyceric acid and phosphopyruvic acid. 

But the interest in phosphopyruvic acid does not end here. The 
fact that this compound loses its phosphorus only in presence of 
adenylic acid brings it at once into close relationship with creatine 
phosphate, for it has been shown by Lohmann (Biochem, Zeit,, 1934, 
271, 264) that adenylic acid also plays a role in the dephosphoryla¬ 
tion of creatine phosphate. In fact, he comes to the conclusion 
that creatine phosphate does not break down directly to creatine 
and phosphoric acid but that it first reacts with adenylic acid to 
form adenosine triphosphoric acid and that the latter then breaks 
downa to adenylic acid and phosphoric acid (or possibly by inter¬ 
action with a molecule of glucose to a molecule of hexose phosphate). 
This idea that phosphopyruvic acid and adenylic acid form a lirJc 
between carbohydrate breakdown and the synthesis and decom¬ 
position of phosphagen has very recently been brilliantly confirmed 
by Meyerhof and Lohmann {Naturwiaaenschafieny 1935, 23, 337) 
who have actually synthesised phosphagen on a considerable 
scale by allowing pho 8 phop 3 mivic acid to react with creatine 
in presence of a suitable muscle enzyme, but only when adenylic 
acid was present. The facts at present known seem to be consistent 
with the following scheme which, of course, is merely to be regarded 
as a working hypothesis. 


Glycogen 


OHPOaH, 


Hexose phosphate 
Triosc phosphate 

4 " 

Phosphoglycenc acid 
Phosphopyruvic acid 


OHPOjHg Creatine 


Adenosino triphuKphato Creatine phoBphatej 
Adonyhc; acid 


OHPO,H, 


i- 


OHPO3H2 


Pyruvic acid 
Lactic acid 


It will be seen that the phosphagen synthesis appears as a side 
branch and that the rest of the scheme would remain self-consistent 
even when this was cut off. Now this is very interesting because 
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it has long bem suspeoted that carbohydrate breakdoMoi by yeast, 
for example, ia closely analogous to that which takes place in 
muscle. Yeast oontsuns no creatine phosphate but it does contain 
an adenylic acid (very similar to muscle adenylic acid). In fact, it 
looks as if the same scheme in most of its essentials would continue 
to hold, the main differences being, apart from the phosphagen 
side-branch, the presence in yeast of a decarboxylating enzyme 
which removes COt from pyruvic acid before reduction. Thus the 
ultimate products are CO, and ethyl alcohol instead of lactic acid. 

The above scheme is, of course, only a condensed outline of the 
more important features of the Embden-Meyerhof theory. Further 
details will be found in Meyerhof {Ann. de Vlnst. Pasteur, 1934, 
53, 566; Ergebnisa. der Enzymeforschung, 1936; of. also Pamas, 
Klin. Woch., 1936, 14, 1017). 

Attention may however be specially directed to one aspect of 
the process of glycolysis which has been brought out by the work 
of the last two years (cf. Meyerhof, Naturvoiss., 1936, 23, 490). 
This is the very common occurrence in the sequence of reactions 
of what might be called series of “ enzymatic equilibria.” An 
example has already been given. In presence of muscle enzyme 
o-phosphoglycerio acid is in a real reversible equilibriiun with 
/S-phosphoglyoeric acid which in turn is likewise in equilibrium with 
phosphopyruvio acid. A similar series of enzymatic equilibria exist 
in the eaxly stages of hexose breakdown, for example, between 
hexose diphosphate and dihydroxyacetone phosphate and between 
dihydroxyacetone phosphate and glyceric aldehyde phosphate. 
The stages involving oxidation or reduction, the stages which seem 
to be inhibited by iodoaoetate, have not so far been shown to be 
of this enzymatic type. 

The provisional scheme would indicate that the compound which 
most nearly connects with the mechanism of muscular contraction 
is creatine phosphate. An interesting review of recent work dealing 
with this compound and the closely related arginine phosphate 
found in invertebrates is given by Eggleton {Ergebnisse der Emym- 
forschung, 1934). Though the breakdown of creatine phosphate 
takes place in close association with the actual muscular contraction, 
it does not seem possible at present to say that this reaction is 
in fact the proximate source of the energy expended by the muscle 
as external work. Lundsgaard has shown that part of the phos¬ 
phagen is actually decomposed after and not during the physical 
contraction of the muscle. This suggests that at least one more 
chemical stage may exist after creatine phosphate, but it must be 
remembered that we are still in very great ignorance as to the 
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details of the molecular structures which are brought into play in 
the physical process of contraction. The examination of muscle 
tissue by X-ray analysis which has recently been begun by Astbury 
will ultimately, we may hope, shed light on this question. Mean¬ 
while the suggestion put forward by Ritchie (J. PhysioL, 1933, 
78, 322) should be borne in mind. It refers to the possibility that 
the natural unstimulated state of the muscle may be a contracted 
one and that it may be for the process of extension that chemical 
energy is required. Very crudely put, this theory suggests that the 
extended muscle is like a stretched elastic string which contracts 
immediately the constraints on it are removed and that the immedi¬ 
ate effect of the chemical processes is to extend the muscle after 
contraction and keep it extended. 

It will, in any case, be realised that the complete picture of aU 
the numerous and interlocking mechanisms, physical and chemical, 
which enable the animal organism to convert chemical energy into 
mechanical work—and that with a surprisingly high efficiency— 
must necessarily in its final form be a highly complicated one. 
Considerable progress in its investigation has already been achieved. 
One set of pieces of the jig-saw puzzle seems to have been put 
together successfully. Other fragments, no doubt, have still to be 
discovered. Some of the pieces at present known seem to have no 
relation to the rest. Such, for example, are the considerable quanti¬ 
ties of carnosine (/3-alanyl histidine) and anserine (methyl carno- 
sine) which together or separately seem to exist in relatively large 
quantities in muscles (cf. Wright Wilson, J. Biol, Chem,y 1933*, 
100, Proc. cvi.). So the puzzle is still far from being solved. But 
this only makes the present situation all the more interesting, and 
the remarkable advances made during the past few years give ground 
for hope of equally rapid progress within the near future. 

GEOLOGY. By G. W. Tyrrell, A.R.C.Sc., D.Sc., Tho University, 

Glasgow. 

Sedimentation and Sedimentary Rooks. —The grain-size of 
mixed sediments is determined and described by so very dif¬ 
ferent methods and units that comparisons become extraordinarily 
difficult. Professor P. Niggli, in a paper entitled “ Die Charak- 
terisierung der klastischen Sedimente naoh der Komzusammen- 
setzung ” (Schweiz, Min, Petr. MiU,, XV, 1936, 31-8), has essayed 
the task of standardising grain-size determinations with what appears 
to be considerable success. 

Excellent ripple-mark has been detected in a quartzite belonging 
to the Archaean of the Grand Canyon of the Colorado by J. H. 
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Maxson and 1. Campbell (Amer. Joum. 8ci., XXVIII, 1034,298-303). 
This is the oldest ripple-mark so far found in North America. 
It is of the type which is characteristic of the sandy floors of 
lakes. 

According to A. O. Woodward {Amer. Joum. Sci., XXIX, 1936, 
618-25) regular rhomboidal ripple-marks of a reticular pattern are 
primarily the result of wave interference in rapidly flowing shallow 
water. The direction of the current bisects the acute angle of the 
rhombs. This type of ripple-mark is chiefly found in intertidal 
regions and their chances of preservation arc therefore slight. 

Many of the impressions on sedimentary rock surfaces which 
have been described by Kindle as “ pit and mound ” structures, as 
well as forms described as rain-prints and desiccation-cracks, are 
regarded by H. Jiingst {Oed. Rundschau, XXV, 1934, 312-26) as 
due to dehydration of colloidal matter in sediments, a process to 
which he has given the name aynareaia. Numerous problematical 
structures in sedimentary rocks are probably effects of synaresis. 

The origin of ferruginous concretions in lake sediments is re¬ 
viewed by W. Ohle {Oed. Rundschau, XXV, 1934, 225-47). They 
are regarded as due mainly to direct bacterial action, although a 
purely physico-chemical explanation of the process is possible. The 
ferruginous-calcareous concretions of the Grossen Ploner lake are 
ascribed by Ohle to root action of littoral plants {ibid., 281-96). 

Very large spiral bodies from the Wealden beds near Hastings 
were described in 1922 by B. B. Woodward as the casts of a gigantic 
gastropod, Dinocochtsa ingena. These forms are now interpreted 
by H. D. Thomas {Proc. Qexd. Aaaoc., XLVI, 1936, 1-17) as spiral 
concretions. Dr. Thomas describes many similar forms from other 
formations and localities. 

The report by L. H. Matthews on “ The Marine Deposits of 
the Patagonian Continental Shelf” {Diacovery Reports, IX, 1934, 
176-206) describes the sea-floor accumulations from the standpoint 
of providing data as to the habits of the bottom-living fauna of 
the region. The characters and distribution of twenty-nine types 
of deposit, falling into six groups, are described. The probable 
effects of currents in segregating finer materials towards the north 
are discussed. 

E. Neaverson’s report on “ The Sea-Ploor Deposits. I. General 
Characters and Distribution ” {Discovery Reports, IX, 1934, 295- 
360) records the general characters and distribution of the sea¬ 
floor deposits over a wide region in the western Antarctic and 
south Atlantic Oceans prior to the samples being used for a detailed 
mineralogioal analysis. Flocoulent matter which must play a large 
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part in the transport of terrigenous material to considerable depths, 
was abundant in the diatomaoeous muds. 

Another memoir dealing with marine deposits and segregation 
of certain sedimentary types by current action is 0. Pratje’s “ Die 
Schliokgebiete der Deutschen Bucht und die Beziehungen zwischen 
Stromimg und Sediment ” {Oeol. Rundschau, XXV, 1934, 146-60). 

On December 16-16, 1933, a vast quantity of yellowish dust 
fell during a snowstorm over the New Elngland area of the United 
States. This material has been investigated by L. R. Page and R. W. 
Chapman {Amer. Joum. 8ci., XXVIII, 1934, 228-97). Diatoms 
were abundant in many samples, as well as rounded and polished 
grains of quartz. Observations of the storm-track and the evidence 
of the composition of the dust makes it probable that it came 
from arid regions in the south-western United States. 

The fine-grained bufif-coloured subsoil in the vicinity of Boston, 
Mass., is interpreted on field and petrographic data by H. T. U. 
Smith and H. J. Fraser as a loess deposit {Amer. Joum. 8ci., XXX, 
1936, 16-32). Its mechanical composition mattihes that of wind- 
borne dust and loess. The grains are angular and fresh, and are^ 
mostly quartz and feldspar. The deposit is beUeved to have been 
laid down before the complete retreat of the last ioe sheet from 
New England. 

While G. B. Barbour’s paper “ Recent Observations on the 
Loess of North China ” (Oeog. Joum., LXXXVI, 1936, 64-64) is 
mainly stratigraphical, numerous petrographioal observations are 
included, especially a series of chemical andyses presented in bar- 
graph form, and mechanical analyses. He distinguishes three groups 
of deposits which, in descending order, are: Malan loess (true 
seolian dust-deposits); banded loessio loams in which darker layers 
represent interruptions of deposition with soil formation ; and red 
clays referred to the Pontian stage of the Pliocene. 

The problem of the formation of loess is also briefly discussed 
by H. Winter (“ Zur Frage der Lossbildung,” Zeitachr. d. Deuiech. 
Oed. Oes., 86, 1934, 637-44). 

In his paper on “ Arkose Deposits in the Humid Tropics. A 
Study of Sedimentation in Southern Mexico,” P. D. Krynine (Amer. 
Joum. 8ci., XXIX, 1936, 363—63) shows that arkose deposits of 
surprising freshness are being formed in a climatic region which, 
sMoording to accepted ideas, should be characterised by deeply 
weathered and decomposed sediments. The conditions for this 
are extremely heavy rainfall in a region of rugged topography, in 
which erosion is powerful and mechanical disint^(ration completely 
overshadows chemical decay. 
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B. B. Young oaUb attention to the ooourrenoe of stiomatolitio 
or algal limestones in the Campbell Band Series of Griqualand 
West {Tram. Oed. Soc. S. Afr., XXXV, 1933, 29-36). 

In his paper on “ Conditions of Deposition of the Dolomite 
Series ” the same author (ibid., XXXVI, 1934,121-35) demonstrates 
that the rooks of this series can be divided into groups indicative of 
varying conditions of deposition within a general shallow-water en¬ 
vironment. Intraformational conglomerates, oolites, ripple-marks, 
etc., testify to a shallow-water phase, while stromatolitic and lamin¬ 
ated dolomites indioate a deeper-water phase of sedimentation. 

On the basis of study of a laterite from French West Africa 
and an Eocene lacustrine limestone from Bouxwiller (Alsace) J. de 
Lapparent {Bull. 8erv. Carte giol. d’Alaace et de Lorraine, 2, fasc. 
2, 1935, 99-105) advances some considerations on the origin of 
pisoUthic rooks in general. He distinguishes three classes of ooliths 
and pisoliths : 1, pseudo-ooliths ; 2, the typical ooliths ; and 3, a 
“ perlitic ” type. 

Professor de Lapparent has also recorded the presence of boeh- 
mite (AlO|H) and diaspora crystals in the bauxitio fireclays of 
North Ayrshire {C.S. Acad. Set., Paris, 199, 1934, 1629-31). 

With the aid of chemical analyses M. 8. Krishnan describes the 
lateritisation of khondalite from several Indian localities {Bee. Oeal. 
Surv. India, LXVHI, Pt. 4, 1934, 392-9). Khondalites are crystal¬ 
line schists consisting of quartz, feldspars, garnet, sillimanite and 
graphite. On lateritisation the feldspars are kaolinised, the garnets 
limonitised, but the more resistant sillimanite seems to be replaced 
at a later stage by colloidal hydrated oxide of alumina, while queurtz 
is gradually eluninated. 

Professor X. Stainier, the eminent Belgian authority on coal 
formation, has wrritten an important memoir (“ Mat^riaux pour 
r^tude de la formation des gisements houillers,” BvM. Soc. Bdge 
de OM., XLTV, fasc. 2, 1934, 51-274) in which he maintains the 
theory of allochthonous origin for coal. It is hoped to deal with 
this work in more detail later. 

Dr. Marie C. Stopes’s systematisation of nomenclature and 
olassifioation of ooal {Fwd in Science and Practice, Jan. 1935, 14, 
4-13) is discussed more fully under the heading of “ Notes,” p. 331). 

The geology and sedimentaiy petrology of the Hangman Grits 
of the Quantook Hills ace dealt with by A. D. Hallam {Oeol. Mag., 
LXXI, 1934, 433-46). They consist of fine-grained quartzitic sand¬ 
stones and green slates; red, purple and mottled sandstones with 
rod and green shales and marls; and finally a series of sandstones 
passing laterally into shales. The material constituting these sedi- 



SOIBNCB PBOGBBSS 


306 

mentB is shown to have been derived from a mass of acid igneous 
or highly metamorphic rocks. 

The sandstones and shales of the Culm Series of north-west 
Devon have been investigated by B. Simpson and A. Stuart [Oedl, 
Mag,, LXXI, 1934, 446-68). The restricted composition of the 
detrital mineral suite, together with the abundance of very small 
and well-worn grains of zircon, rutile and tourmaline, indicate that 
the source of the material lay chiefly in an older sedimentary series. 
The dune-sands of Westward Ho were also studied with a view to 
determining to what extent the Culm sandstones hod contributed 
to their mineral comjK>8ition. 

The “ Petrography of the Blea Wyke Series of the Yorkshire 
Coast is described by R. H. Rastall and J. E. Hemingway (Oeol, 
Mag,, LXXII, 1936, 126-40), and its stratigraphioal implications 
ore elucidated. The heavy mineral assemblage is extremely limited, 
and exhibits exactly the same type as prevails throughout many 
hundreds of feet of the succeeding series. 

Metamoephism and Metamorphic Rocks. —In his paper on 
Die chemische Klassifikation der metamorphen CJesteine ** P. 
Niggli (Schweiz. Min, Petr, Mitt,, XIV, 1934, 464-72) more exactly 
defines and rearranges the twelve chemical groups of metamorphic 
rocks which were established by Grubenmann, in the light of in¬ 
vestigation of the thousands of new analyses now available. 

In a valuable paper, “ Contribution to the Interpretation of 
Mineral Facies in Metamorphic Rocks,” F. J. Turner (Amer, Joum, 
Sci., XXIX, 1936, 409-21) draws attention to the desirability of 
taking into accoimt other factors besides temperature, stress and 
pressure in defining equilibrium mineral assemblages and meta¬ 
morphic facies. Certain volatiles such as water and carbon dioxide 
play an essential part in metamorphic changes ; and their function 
depends to some extent on whether chemical readjustments take 
place in response to rising or falling temperature which, in turn, is 
determined by equilibrium conditions in the initial rock prior to 
metamorphism. 

F. J. Turner describes a series of schists with the constant mineral 
assemblage albite-quartz-epidote-ohlorite-sericite-sphene from west¬ 
ern Otago, New Zealand, which are believed to have been derived 
from a greywacke series (Trane. Soy. Soc. N. Z,, 64 , 1934, 161-74). 
They belong to the chlorite zone and are due to metamorphism of 
the dynamothermal regional type. 

In his paper, Cber tektonische Au&chmelzungengesteine und 
ihreBedeutung,” A. Wurm (Z.f, FWifc, XVI, 1936,98-119) provides 
a good review of ultramylonites and pseudotachylytes. He deals 
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with their chemistry, association with tectonic structures, origin, 
and reviews their occurrences in the known fields. He holds that 
the temperature necessary for re-melting rooks by frictional heat 
is from 1000° to 1200° C. In conclusion the significance of melt- 
mylonites for magma formation and for the mechanism of move¬ 
ment in the earth’s crust, are discussed. 

A. C. Waters and C. D. Campbell record the presence and dis¬ 
cuss the significance of mylonites and ultramylonites associated 
with the famous San Andreas fault-zone of California (Amer. Joum. 
Set., XXIX, 1936, 473-603). An excellent discussion of the nomen¬ 
clature of cataclastic rocks is given, which includes the opinion 
that Lapworth’s original definition of mylonite should be strictly 
adhered to. The San Andreas fault-zone forms a belt of at least 
half a mile wide which consists of various types of cataclastic rocks. 

In E. Wenk’s comprehensive memoir, “ Beitriige zur Petro- 
graphie und Geologie dee Silvrettakristallins ” {Schweiz. Min. Petr. 
Mitt., XIV, 1934, 196-278), the mylonites of the “ Alpine-tectonic ” 
facies of the Silvretta Gneiss receive detailed attention. Dr. Wenk 
includes a full discussion of mylonisation processes. 

N. H. Kolderup describes the genesis of West Norwegian occur¬ 
rences of slates and fiagstones (Bergens Mus. Aarb., Natur. Rekke, 
No. 1, 1933, 17 pp.). The “slates ’’ consist of quartzite or mica- 
quartzite, the “ flagstones ’’ of granitic gneiss. They occur at the 
junctions of overthrast masses of quartzite and gneiss with under¬ 
lying Cambro-Ordovician mica-schists, the slaty cleavage being 
attributed to the thrust-movements. 

The memoir by Professor H. H. Bead on “ The Metamorphio 
Geology of Unst in the Shetland Islands ’’ {Quart. Joum. Oeoi. Soc., 
XC, 1934, 637-88) is full of detail which will be of the greatest 
interest to all students of metsunorphic petrology. In Professor 
Read’s words : “ Unst consists entirely of rocks that have under¬ 
gone one or more metamorphisms under markedly different physical 
controls. The original rooks consisted of acid, intermediate, basic 
and ultrabasio igneous rooks and arenaceous, argillaceous, calcare¬ 
ous and mixed sediments. The islsmd is broken up into blocks 
by dislocations of various types. Each block has its own meta¬ 
morphio history, and in this history the dulooations play their 
part.’’ Adjacent to the dislocations the rooks have been subjected to 
epi-metamorphism presumably under low temperature and powerful 
stress conditions. The phenomena of retrogressive metamorphiun 
are displayed veiy clearly. 

In continuation of his studies of Shetland metamorphio geology 
Professor H. H. Read writes “ On Zoned Associations of Antigorite, 
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Talo, Actinolite, Chlorite and Biotite in Unst, Shetland Islands ’’ 
(Min, Mag., XXIII, 1934, 519-40). The original rooks whence 
these zonal bodies were derived were probably small ultrabasio 
intrusions. The formation of the zones is ascribed to reaction 
between the ultrabasic igneous rooks and fluids from acid injections 
which permeated the country rocks. 

A further paper by Professor Read, “ On the Segregation of 
Quartz-Chlorite-Pyrite Masses in Shetland Igneous Rocks during 
Dislooation-Metamorphism, with a Note on the Occurrence of 
Boudinage Structure ** (Proc. Liverpool OeoL Soc., XVI, 1934, 
128-38), concerns a case of metamorphic differentiation in a complex 
consisting originally of spessartite intrusions into chloritoid-kyanite- 
schists. Thrusting movements induced retrogressive raetamorphism, 
during which solutions were generated from which chlorite, quartz, 
pyrite and traces of copper minerals were deposited in fractures. 

In an important paper entitled ‘‘ The Central and South-west 
Highland Epidiorites : A Study in Progressive Metamorphism/* 
J. D. H. Wiseman (Quart. Joum. OeoL Soc., XC, 1934, 354-417) 
traces the progressive metamorphism of the epidiorite sills as they 
are found in regions of low-grade metamorphism, and in the garnet, 
kyonite and silhmanite zones respectively. The intricate chemical 
and mineral changes that occur with increasing metamorphism have 
been studied under the microscope and with the aid of numerous 
new chemical analyses. A study has also been mode of retro¬ 
gressive changes in the epidiorites as a result of differential move¬ 
ments. This work has made it possible to use the epidiorites; at 
least tentatively, in the delimitation of metamorphic zones. 

H. H. Hess reviews “ The Problem of Serpentinization and 
the Origin of Certain Chrysotile, Asbestos, Talc and Soapstone 
Deposits” (Econ. OeoL, XXVIII, 1933, 634-67),basing his work on 
the study of numerous Appalachian occurrences. Two distinct and 
unrelated types of alteration are recognised, firstly serpentinization, 
and secondly the talc-soapstone type. Serpentinization is found to 
be an autometamorphic alteration occurring in the final stages of 
the igneous cycle during which the ultrabasic parent-rocks were 
intruded; while steatitisation is a later process due to the action 
of hot dilute aqueous solutions derived in many cases from acid 
magmas. 

The ” Peridotites, Serpentines and Soapstones of Northern 
Sweden ” are described by T. du Rietz (OeoL F6r. FSrh. Stockholm, 
57, 1936, 133-260). The primary rock-types are dunites with 
transitions to saxonite. Alteration to soapstone occurs in the more 
highly metamorphic regions, especially where the peridotites come 
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into contact with amphibolites. On the other hand serpentiniza- 
tion of the ultrabaeic rocks generally increases as less metamorphio 
areas are approached. The peridotites, etc., which occur as numer¬ 
ous small lens-shaped bodies intercalated conformably with the 
folding of the enclosing rooks, are of Lower Ordovician age at least. 

H. Bader’s memoir, “ Beitrkge zur Kenntnis der Gesteine und 
Minerallagerst&tten des Binnentals ” {Schweiz. Min. Petr. Mitt., 
XIV, 1934, 819-441), deals with many kinds of ortho- and para- 
gneisses, with valuable sections on the Mesozoic ophiolites and 
the Biindnersohiefer. More than half of the paper is concerned 
with ore-deposits. 

H. Wiesenader shows that East Alpine eclogites are not entirely 
due to deep regional subsidence, but owe their origin in many 
cases to purely local conditions of metamorphism (Min. u. Petr. 
Mitt., 46, 1934, 174-210). 

A. Schuller’s memoir on “ Pr&variskische Glieder der s&chsisch- 
fiohtelgebirgisohen kristaUinen Schiefer, III. t)ber epizonal ver- 
formte Magmatite des westlichen Fichtelgebirges, ihre genetische 
Ableitung und ihre Weiterbildung in Homfelsfacies ” (Abh. Math.- 
Phya. Kl. Sdcha. Akad. Wiaa., XLII, No. Ill, 1934, pp. 1-60), is 
prefaced with an essay by Professor K. H. Scheumann on “ Zum 
Veigleich des fichtelgebirgischen und erzgebirgischen Ansohnitts ” 
(ibid., pp. i-xii). The memoir is too detailed for satisfactory sum¬ 
mary, especially as the author has neglected this very necessary 
task. Orthogneisses of varioixs types are described, as well as 
mylonite-gneisses developed in the homfels-facies. The two final 
sections are devoted to “ Meohanische Verformung und Tektonik ” 
and “ Uber den Chemismus der Magmatite und die Metamorphe 
Diffusion.” 

The course of metamorphism in the Saxon Granulitgebirge, 
according to H. Seng (Min. u. Petr. Mitt., 46, 1934, 373-423), 
may be divided into two phases, a granulitic and a granitic. The 
former, as shown by crystallisation, magmatic penetration and 
tectonic processes, may be regarded as gneissifioation. The granitic 
phase itself divides into two tectonic acts, both of which are closely 
associated with reconstruction processes. 

Calcareous concretions in the homfelsed clays (cordierite homfels) 
of Tokati, Japan, are described by J. Suzuki (Joum. Fac, Sd. 
Hokkaido Imper, Unw„ Ser, IV, 11, No. 4, 1934, 323-38). The 
concretions are composed of quartz, plagioclase, clinozoisite and 
diopside, and therefore represent a good example of selective meta¬ 
morphism. The concretions and the adjacent argillaceous homfels 
were lecrystaJlised under isophysical metamorphio conditions, and 
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consequently their difference in metamorphic grade most depend 
on the primary chemical differences between the two original rook- 
types. 

Glauoophane, riebeokite, segirine-augite and albite occur as 
essential constituents in certain contaot-metamorphio schists de¬ 
veloped between ultrabasio and basic igneous intrusions and the 
adjacent crystalline schists of Hokkaido, Japan. These rocks are 
described by J. Suzuki {Proc. Imper. Acad. Japan, IX, 1933, 617-20 ; 
Joum. Fac. Sei. Hokkaido Imper. Vniv., Ser. IV, II, No. 4, 1934, 
339-53) who ascribes their origin to soda-rich hydrothermal solutions 
derived from the igneous masses. 

K. Schoklitsch has investigated accidental inclusions in the 
andesitic basalts and tuffs of the eastern borders of the Alps in 
Austria (“ Pyrometamorphose an Einschliissen in Eruptiven am 
Alpen-Ostrand,” Min. u. Petr. Mitt., 46,1934,127-62). They consist 
of various plutonic igneous rocks, schists and sediments which have 
been converted into homfels and into rocks of the “ sanidinite- 
facies.” 

G. Kalb’s paper, “ Beitrilge zur Kenntnis der Auswiirflinge ira 
besonderen der Sanidinite des Laacher See-gebietes ” (Min. u. Petr. 
Mitt., 46, 1934, 20-55), concern other and more familiar examples 
of pyrometamorphism. 

BOTANY. By Pkofbssor E. J. Sausstoy, D.Sc., F.R.8., University 

College, London. 

Ecological. —An interesting series of experiments are reported by 
B. E. Gilbert and F. R. Pember in which various weed species were 
grown in culture solutions containing varying amounts of alumina. 
Cerastium vulgatum, Taraxacum officinale, Stellaria media, Prunella 
vulgaris, and Poa pralensis were all found to be very sensitive, the 
depression in growth being much greater than in culture solutions 
of equivalent acidity. Eight parts per million reduced the growth 
of Prunella to half and 24 p.p.m. reduced it to under a quarter. 
All these sensitive species showed a depression of over 20 per cent, 
with 8 p.p.m. of alumina. A similar depression in the case of 
Leontodon autumnale and Digitaria humifusa required 16 to 32 
p.p.m., whilst the least sensitive of the species tested, viz. Agrostis 
tenuis, Agrostis alba and D. sanguinalis, required from 32 to 80 
p.p.m. to effect more than 20 per cent, reduction of growth (Soil 
Science, 39 , 425, 1936). 

T. M. Sperry reports the results of investigations on the root 
83rBtemB of Prairie plants in Illinois. The root systems of twmity- 
eight species are described, of which nine have previously been 
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studied from the Prairies of the west. With the one exception of 
Stipa apartm the root systems were deeper on the western prairies 
than on those of the east. The maximum depth of penetration of 
Andropogon furcaitts, for example, which in Nebraska attains to 
from 174 cm. to 274 cm., in Illinois reaches only to from 108 to 
118 cm. The deepest root-penetration was that of Silphium 
laciniatum which attained to 178 cm., whereas in Nebraska the 
same species sends its roots to 274-417 cm. 

The rainfall is from 30 to 40 inches, of which 60 per cent, falls 
during the growing season as compared with 28 inches per annum in 
Nebraska. It would appear that the more abundant soil moisture 
is the main factor with which the less extensive root growth in 
Illinois is to be correlated. Visual estimates indicate that the 
shoot-root ratio is higher in the east than in the west {Ecology, 
XVI, 178, 1936). 

To The Naluraliat, No. 941, Dr. A. Malins Smith contributes 
data as to the age emd rate of growth of Junipers. The average 
rate of growth is apparently low in bushes on limestone, and in 
general tends to increase with age, which is attributed to the brows¬ 
ing of animals in the earlier years of life. The average rates observed 
ranged from -26 to 4-04 mm. per year. Estimates indicated that 
the oldest bushes were probably more than 170 years old and less 
than 260 years. Despite the greater growth rate on drift soils the 
bush is rare on these and so too are seedlings. A competition factor 
would seem indicated. 

T. Lippmaa, in an account of the forests of the island of Abro 
{Acta Inatituti et horti. hot. Tariuenaia, IV, F. 1-2, 1935), analyses 
the vegetation on the basis of partial habitat (associations 
unistratra). Associations of Alnua gluHnoaa occur where the water 
table is highest and of Ulmua montona—Acer platanoidea and TUia 
cordafa where the water table is lowest. In the former where the 
humus is acid (pH., 4-5) Picea enodaa is present or may even be 
dominant over a sandy soil with higher acidity. Humus of low 
acidity (pH., 6-4) is associated with the mixed elm and the alder 
woods. In the more acid conditions, Aapenda odorata replaces 
Aegopodium podagraria and in the most acid MaiatUhemum bifclium 
is a feature of the herbaceous layer. The absence of certain species 
characteristic of corresponding communities on the Esthonian main¬ 
land is regarded as accidental. 

An interesting monograph on Arenaria humifuaa Wahlenberg, 
a segregate of A . dUata, has just been published in Bergena Muaeuma 
Arbok, No. 1, 1636, by R. Nordhagen. The species is an arctic one 
of America which also occurs in western Norway and Sweden. It 
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is regarded as one of the oldest elements in the Scandinavian flora. 
The author furnishes a map of the distribution of the two sub¬ 
species, norvegica and pseudofrigida, of Arenaria ciliata. These 
border the north Atlantic with A. norvegica from Iceland, Scotland 
and the south of Sweden to Finland and A. paeudofrigida from 
about 66° N. to nearly 80° N. 

A recent addition to the British Flora is reported by G. M. Ash 
and N. Y. Sandwith {Jour. Bot., 73, 177, 1936). This is the North 
American Epilobium adenocauUm (Hausskn.), which quite probably 
was introduced into southern England, during the Great War. It 
is now known from damp woods and stream sides in Surrey, west 
Kent, north Hants and west Sussex, together with putative hybrids 
with four other species. 

Cytology Genetics, etc. —A. Gustafsson discusses the pheno¬ 
menon of parthenogenesis in the light of work on Taraxacum, 
Archiesracium, Erigeron sund Marailia {Hereditua, XXI, 1-112, 
1936). The parthenogenesis is regarded as consisting of three pro¬ 
cesses ; a decrease or omission of primary pairing ; origin of diploid 
chromosome numbers through restitution nuclei; development of 
the egg-cell without fusion. The preoosity theory is on the evidence 
available held to be inadmissible. Data respecting the frequency 
of abortive aohenes and percentage germinations are furnished. 
In apomictic Tarajcacum species the percentage of undeveloped 
aohenes was found to range from 0-6 per cent, to 12-4 per cent.; 
the average for ten “ species ” being 6-4 per cent. The germina¬ 
tions obtained ranged from 63 per cent, to 97 per cent., with im 
average of 86. Sexual biot 3 q)e 8 of Hieracium also show high 
germination values whereas the apomictic t 3 rpe 8 yielded low germina¬ 
tions of from 6 to 66 per cent, with an average of about 39 per 
cent. A table of chromosome numbers in apomictic genera shows 
clearly that these tend in general to be higher in the apomictic 
than in the sexually functional types, but both in Erigeron and 
Rubua the reverse is true, so that the author concludes that 
apomixis is caused by several genes, perhaps by purely recessive 
factors. 

The occurrence of diploid gametophytes in Sphcerocarpua Don- 
neUii is described by C. E. Allen {Amer. Jour. Bot., 22, 664, 1936). 
The plants are normally female in appearance and can function as 
such. They most frequently arise from dyad spores but may result 
from partial abortion. Whilst functionally female, evidence of the 
intersexual character of the diploid gametophytes was furnished. 

The occurrence of gynodioecious flowers in Banunculua aorta is 
recorded by E. Soderbeig (Svenak. Bot. Tid., 28, 469, 1936). 
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The chromosome structure during meiosis of TriUium erectum is 
described by Huskins and Smith {Ann. Hot., XLIX, 119-60, 1035). 
In this species there are five pairs of very large distinctive chromo¬ 
somes and it has been possible to estimate the total number of 
chromomeres as between 900 and 1,000. No splitting of the ohro- 
momeres is to be observed prior to pairing. Spiralling of the chroma¬ 
tids begins at diakinesis and paired chromosomes commonly coil in 
opposite directions, changes in direction are usually associated with 
chiasmata. The evidence of Trillium indicates that crossing-over 
occurs at the time of visible splitting of the chromosomes. 

Anatomy. —^The ocourrenoe of an anomalous type of secondary 
thickening in the dlarch root of Spergalaria rubra is recorded by 
P. C. Joshi {Proc. Indian Acad. 8ci., B. I, 729, 1935). The growth 
of the stem-cambium is normal and so is that of the first-formed 
cambium in the root, but later the perioyolic tissue and adjacent 
phloem-parenchyma become meristematic and give rise to arcs of 
cambium forming from two to three, more or less discontinuous and 
conoentric lings. The secondary cambia function in the normal 
manner. It is suggested that the root has retained a character 
that was originally found in both root and stem. 

The nature of the endodermis in a number of phanerogamic 
stems has been studied by S. Rojkowski {Acta. Soc. B(A. Pokmice, 
XI, 19-60, 1935). An endodermis in which the Casparian strip is 
abnormally wide is recorded in the stems of Comarum palustre, 
CaUuna vulgaris, Mentha piperita, Rubia tinctorium, Oalium boreale, 
O, mdlugo, 0. aylvatictm, Knautia arvensis and Campanula trache- 
lium. 

PLANT PHYSIOLOGY. By Paorassoa Walter Stiles, Bo.D., F.R.S., 

The University, Birmingham. 

Growth Hormonbs. —As is now well known, about two years ago 
Kdgl and his co-workers succeeded in isolating, purif 3 dng and 
determining the chemical composition of the so-called growth sub¬ 
stances, growth regulators or growth hormones, which play a decisive 
part in the stretching phase of growth of plant cells. They identi¬ 
fied three such substano^a-auxin with a formula 5-auxin 

Ci»H |,04 and hetero-auxin Ci«H(OtN, that is, /9-indolyl-aoetio acid. 
While all these substances behave similarly in their influence on 
growth, a-auxin appears to be the substance active in maize ooleop- 
tiles, while hetero-auxin is the substance constituting the growth 
hormone in yeast and some other Fungi. 

Since the publication of Kfigl’s work, fiirther advances have 
been made in our knowledge of the action of growth substances. 
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In a paper by K. V. Thimann and F. Skoog (“ On the inhibition of 
bud development and other functions of growth substance in Vicia 
faba"" Proc. Roy, Soc., B, 114, 317-39, 1934) the question of the 
relationship of growth substance to the development of lateral 
buds is considered. By decapitating terminal buds of Vicia faba 
plants and placing the buds on agar blocks, it was shown that 
growth substance diffuses out of the buds into the block and the 
amount of substance diffusing out was approximately determined. 
Similarly, it was found that lateral buds produce no growth sub¬ 
stance until active growth is proceeding, when they produce it in 
considerable amount; at the same tiine the growth of on adjacent 
bud is greatly retarded. After the unfolding of the bud the leaves 
continue to produce growth substance, the amount decreasing as 
the leaves grow older. If growth substance in an agar block is 
applied to the apex of decapitated plants the development of lateral 
buds is retarded, the degree of inhibition depending on the concen¬ 
tration of the growth substance in the agar block. It was also 
established that growth substance brings about elongation of the 
stem of plants of Vicia faba. Less of the substance is required for 
stem elongation than for inhibition of lateral buds. While it was 
found that the production of growth substance takes place only 
in light, the actual effect of the substance on stem elongation was 
greater in the dark than in the light. Thimann and Skoog put for¬ 
ward the theory that the growth substance not only promotes cell 
elongation, but inhibits the development of buds, the inhibition of 
lateral bud development being due to the diffusion of growth sub¬ 
stance from the terminal bud. 

K. V. Thimann has also devised a method for extracting the 
growth substance from plant tissues, and, using the method, has 
examined the distribution of the growth substance in the coleoptile 
and radicle of Averui seedlings (“ Studies on the Growth Hormone 
of Plants. VI. The Distribution of the Growth Substance in Plant 
Tissues,’’ Joum. Oen. Physiol.y 18, 23-34, 1934). As regards the 
method of extraction, it was found that when plant tissues are 
ground up in water the growth substance is inactivated owing to 
the action of oxidising enzymes. Therefore to extract the growth 
substance Thimann first killed the tissue by immersing it in chloro¬ 
form, and then added about one-fifth of its volume of normal 
hydrochloric acid. The tissue was then thoroughly ground in this 
mixture, the chloroform separated off and the acidified tissue ground 
twice more with chloroform. This procedure has the effect of 
inhibiting the oxidase action but does not destroy the growth 
substance. After evaporation of the chloroform the lipoidal material 
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oontaming the growth substance is taken up in water. The 3 nield 
of growth substance by this chloroform extraction method was, 
according to the material, 1‘2 to 25 times that obtained by simple 
extraction in water. 

Applying this method of extraction to the oat seedling Thimann 
found that although the growth substance does not diffuse out 
from the lower part of the coleoptile it is present in this region 
in quite appreciable quantity. Nevertheless, the concentration does 
decrease regularly from the tip to the base, the concentration being 
0-69 units at the apex and 019 at the base. The same is the case 
with the root, the concentration falling from 0-43 at the root apex 
to 0-26 in the physically uppermost region. It is important to 
note that the amount of growth substance which diffuses out of 
root tips into agar is not greater than that obtained by extraction. 
Hence it would seem that formation of growth substance does not 
take place in the root tip, or if it does, the conditions for its forma¬ 
tion miist be quite different from those for its production in the 
coleoptile apex. 

The usual method of determining auxin quantitatively consists 
in measuring the curvature produced by a decapitated oat coleoptile 
when the auxin is applied excentrically to the cut surface. F. W. 
Went, who was responsible for the method, has now described a 
simpler test which is “ semi-quantitative,” and which he calls the 
“ pea test method ” (“ On the Pea Test Method for Auxin, the 
Plant Growth Hormone,” Kon. Akad. van Wetenach. Amsterdam, 
Proceedings, 37, 547-65, 1934). For this test pieces of stem of 
etiolated seedlings of Pisum sativum are used. The uppermost 
6 mm. of stem is removed and pieces 2 to 20 cm. long are employed 
either immediately after cutting or from 4 to 8 hours later. The 
top of each piece of stem is split longitudinally for 1 to 3 cm. If 
such a piece of stem is then placed in an aqueous solution the two 
halves bend outwards. If auxin is pr«»ent, after about an hour 
at 25° C. the free ends of the two halves begin to curve inwards, 
curving further the more concentrated the auxin, the final state 
being reached in about 6 hours. By using a range of concentrations 
of the solution to be tested and finding the lowest concentration in 
which a recognisable reaction just occurs, the test can be made 
quantitative; the limiting concentration corresponds with 6 units 
(Dolk and Thimann) of growth substance per o.c., or 480 Avena 
units per o.c., or 1-4 x 10“ • mg. a-auxin per o.c. 

The effect of ethylene on the production of growth substance 
in the oat and broad bean has formed the subject of an investiga¬ 
tion by P. A. Van der lAan (“ Der Einfluss von AethylNi auf 
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die WuohsetofFbildung bei Avena und Vioia,” Bee. Trav. bo^. niet- 
landais, 31, 691-742, 1934). It was shown that ethylene affects 
the growth substance in both these plants. In Avena exposure to 
this gas lessens the stretching phase of growth, an effect which is 
traced to an inhibiting effect on the production of growth sub¬ 
stance. On the other hand, neither the transport of the growth 
substance, nor the utilisation of the latter, are affected by ethylene. 
In Fteto faba also the growth of all zones of the seedling is strongly 
depressed by ethylene, an effect again traceable to inhibition of 
growth substance production. But ethylene has no effect on a 
solution of auxin exposed directly to it and Van der Laan considers 
that his results can be explained by supposing that the production 
of growth substance in the cell depends on an enzyme action which 
is inhibited by a small quantity of ethylene. 

Some experiments on the transport of the growth substance 
through the Avena coleoptile have been recorded by H. G. Van der 
Weij (“ Der Meohanismus des Wuchsstofftransportes II,” JBec. Trav. 
bot. nierlandais, 31, 810-57, 1934). Agar plates containing known 
quantities of auxin were placed in contact with the upper and 
lower surfaces of small cylinders of the coleoptile 1 mm. long and 
the quantity of auxin in the plates determined after the lapse of 
some time. In all cases the auxin travelled downwards, and this 
was so even when the initial concentration of auxin in the lower 
plate was three times that in the upper. The transport of the 
growth substance is thus completely independent of any oonoen- 
tration gradient, but exhibits polarity inasmuch as the transport 
is always in the downward direction. 

To determine how far this polarity is bound up with the life 
of the cell. Van der Weij examined the effect of ether on the trans¬ 
port of the growth substance. He found that the transport when 
the coleoptiles had been subjected to treatment with ether oouM 
take place in either direction, and appeared to resemble a pure 
diffusion phenomenon. He concluded, however, that transport of 
the substance under complete ” ether narcosis ” took place in water 
present outside the coleoptile cylinders, which before use, had been 
kept on damp filter paper. 

Two papers dealing with the root-forming hormone may be men¬ 
tioned. In the first of these F. W. Went describes a method for deter¬ 
mining this substance, rhizooaline, quantitatively (“A Test Method 
for rhizooaline, the Root-forming Substance,” Kon. Akad. Wetenaeh. 
Amsterdam, Proceedings, 37, 446-66, 1934). Seedlings of Pisum 
sativum are grown imder controlled conditions and a week after 
sowing, when the plants have reached a height of about 10 to 16 
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om. above the ground, the shoots are out off at about 1 to 2 mm. 
above the first node. At the third node the first normal leaf appears 
and the tip is decapitated just under this third node. A length of 
stem is thus obtained oomi)riBing most of the second and third 
intemodes. The base of this piece of stem is kept in water for 
4 hours and then in a 0-05 per cent, solution of potassium per¬ 
manganate for another 4 hours for the purpose of steriliBation. After 
rinsing the basal end free of potassium permanganate, the apical end 
is slit longitudinally for about 1 cm. and this slit end then placed 
for about 12 to 16 hours under standard conditions in the solution 
containing rhizocaline. The tip is then rinsed in water and the 
base of the piece of stem placed in 2 per cent, sucrose solution 
for 6 days and then in tap water under standard conditions. The 
number of roots produced at the base of the stem are counted 
14 days after treatment with the rhizocaline solution. The 
rhizocaline unit (RU) is the quantity of the substance which 
produces one root (in excess of those produced in an untreated 
control) when tested in the manner described. Within limits the 
number of roots formed is proportional to the concentration of 
the solution. 

Further information regarding the nature of the root-forming 
hormone is given by K. V. Thimann and F. W. Went {“ On the 
Chemical Nature of the Root-forming Hormone,” Kon. Akad, 
WeUntch. Amsterdam, Proceedings, 37, 466-9, 1934). They find 
this substance is fairly widely distributed in nature, having obtained 
it firom rice polishings, urine, wheat embryos, the pollen of a 
number of species, leaves of Helianthus annuns, Prunus laurocerasus 
and Malva sp., and etiolated buds and shoots of Pisum satimm. 
From various chemical tests it is concluded that rhizocaline is an 
unsaturated otganio acid of about the same acid strength and 
solubility as a-auxin and hetero-auxin, and they conclude that the 
two hormones closely resemble one another, but that they are not 
necessarily identical, especially as the ratio of rhizocaline to growth 
substance as detmmined by the methods devised by F. W. Went 
varies greatly for different plant materials. 

ZOOLOGY. By G. R. dh Bkbr, M.A., D.So.; E. B. Ford, M.A., B.8o.; 

J. A. Moy-Thokas, B.A.; and J. Z. Yotmo, M.A.; The University, 

Oxford. 

Gsnbbal akd Expxriukktal. —^Zehnder {Acta Zool., 15, 1934, 
261-408, 25 plates) has given an exhaustive account of the processes 
of egg-laying, copulation, cleavage, and development of the external 
features of AstacusftuvuUiUs (Bond L.) and A. torrentium (Sohrank). 
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The beautifol photographs with which this work is illustrated will 
serve as stand^d Normentafel of great value. 

In a series of papers on the light-sensitivity of the lamprey, 
Young (J. Exp. Biol., 12, 1936, 229-38 ; 264-70) has demonstrated 
the existence of a region of marked photo-sensitivity in the tail. 
The impulses initiated by the light stimulus are conveyed not by 
the spinal nerves and the cord, but by the lateral line nerve. At the 
same time, the brain and spinal cord are sensitive to direct stimulation 
by hght, when the pigment surrounding them is removed. 

The biological significance of the light-sensitive area of the tail 
is to initiate swimming movements (regardless of the direction of 
incidence of the light), and thus to prevent the animal from remain¬ 
ing in an illuminated area. The burrowing movement of the larva 
is simply modified swimming. The normal diurnal rhythm of colour 
change is under the control of the posterior pituitary and pineal, 
impulses set up in the latter by light-stimulation controlling the 
secretion from the former. 

Damas (Arch, de Biol., 46, 1936, 171-227, 2 plates) has studied 
the structural changes in the head of the lamprey accompanying 
metamorphosis. As regards the skeleton, he confirms the important 
findings of Tretjakoff to the effect that the mucocartilaginous 
elements of the larva do not become converted into the definitive 
cartilage of the adult, which is formed de novo. 

Results of remarkable interest have been obtained by Greenwood 
and Blythe (Proc. Boy. Soc., B., 118, 1935, 122-32) from experi¬ 
ments on the response of the plumage of brown leghorn Capons-to 
localised small injections of oestrone. Three rows of feathers on the 
breast were plucked, and a small dose of cestrone injected intra- 
dermally into the line of the middle row. The characteristic effect 
(the substitution of a salmon-coloured lipochrome for the melanin 
in that portion of the regenerating feather which is growing during 
the time that the injected substance is active) is obtained symmetric¬ 
ally in the regenerated feathers of the middle plucked row, the 
intensity decreasing with increasing distance from the site of injec¬ 
tion. But in the neighbouring rows, the effect in the majority of 
cases is obtained with greater intensity on that side of the feather 
which is nearest to the middle row. 

The production of such asymmetric feathers is in itself a matter 
of great interest. Particularly is it difficult to understand how a 
local diffusion-effect can result from an intradermal injection, and 
why the injected substance is not generally distributed through the 
body-fluids. It is farther to be noticed that these asymmetrically 
coloured feathers are straight, which constitutes an objection to 
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UUie and Juhn’s contention that Bueoeptibility to hormone is cor¬ 
related with growth-intensity : an objection first pointed out by 
Espinasse {Nature, 133, 1934, 330). 

Fell and Landauer (Proc. Boy. Soc., B, 118, 1036, 133-54, 2 
plates) have applied tissue-culture methods to the study of the 
problem of the deficient ossification of the long bones in the creeper 
fowl. It is found that culture of limb-buds in media containing 
growth-restricting substances leads to retardation of cartilage 
differentiation, practical absence of cartilage hypertrophy, and 
absence of perichondral ossification. Ossification of cartilage-bones 
does not occur in the absence of chondroblastio hypertrophy : on 
the other hand, membrane-bone ossification is not affected by the 
conditions of the experiments. It follows therefore that osteoblastic 
activity in cartilage is in some way dependent on the presence of 
hypertrophic cartilage-cells, and the abnormalities of the creeper 
fowl can be explained as a result of a non-specific growth-retajding 
effect at a particular critical period during the development of the 
limb-buds. This is all the more interesting since it is known that the 
creeper condition is under the control of a dominant Mendelian gene. 

Horstadius {Pubb. Staz. Zool., Napoli., 14, 1936, 251-429) has 
given a detailed account of his experiments on sea-urchin larvm. 
By means of the special technique which he has perfected, enabling 
him to isolate certain specified groups of blastomeres, and to trans¬ 
plant micromeres into any desired position, he has been able to 
demonstrate the existence of a gradient of potencies distributed 
along the egg-axis of the sea-urchin egg. The material of the 
vegetative pole (normally represented by the micromeres) possesses 
the power of an organiser, and is capable of inducing the formation 
of an enteron and a larval skeleton. 

Some very interesting results have been obtained by Holtfreter 
{Sitxber. Oes. Morph, u. Phyeiol., Miinohen, 44, 1935), who grafted 
pieces of presumptive epidermis from the Anuran Limnodynastes 
into the corresponding region of embryo of the Urodele Triton. 
The grafts, easily recognisable by their histological Anuran char¬ 
acteristics, differentiated in harmony with their surroundings, form¬ 
ing part of the brain, eye, nose, etc. But although the Anuran 
tissue follows the qualitative determination imposed on it by the 
Urodele host, it preserves certain Anur&n characteristics, in respect 
of precocious formation of neural crest, etc., and also gives rise to 
such typical Anuran structures as a ventral sucker and homy 
teeth, normally not possessed by Urodeles at all. 

From the morphological point of view, a result of extreme 
importance is the fact that the cartilage of the pterygoquadrate 
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and of the trabeoula is fonued of cells derived from the Amiran 
graft, which itself was presumptive epidermis. This goes far 
towards conclusive proof of the derivation of the visceral cartilages 
from the neural crest. 

Pasteels {BuU. 8ci. Acad. Roy. Bdg., 21, 1936, 88-103) has 
applied the technique of intra vitam staining to the problem of 
gaetrulation in Chelonia. The endoderm is formed by precocious 
proliferation from the primitive plate, and the process of gaetrulation 
and formation of the open blastopore results in the invagination 
of chorda-mesoderm, accompanied by movements on the surface of 
the blastoderm analogous to those found in Amphibia. But the 
“ arohenteron ” which opens at the blastopore is at first lined 
entirely by mesoderm, except for the mid-dorsal chorda, and it is 
only as a result of a longitudinal split in its floor, and migration 
forwards and laterally of this ventral mesoderm, that the endoderm 
forms part of the archenterio wall. Just as in Amphibia, the primary 
gut-roof of chorda-mesoderm is then excluded from participation 
in rooflng the arohenteron by the upgrowth and fusion of the free 
edges of the endoderm, to form the definitive gut-roof. 

The process of gastrulation and the demarkation of the various 
presumptive organ-regions by means of intra vitam stains has been 
studied by Weissenberg (Amt. Am., 79, 1934, 177-199) in the 
lamprey with highly interesting results. 

Nbubolooy. —During the past year there has been further 
progress in our knowledge of the physical and chemical structure 
of nerves. The old concept of a nerve fibre as a fixed structure 
containing rigid neurofibrils is being abandoned and the axon is 
beginning to be considered as consisting of a more or less fluid 
substance capable of considerable movement. Thus Speidel (J. 
Comp. Neur., 61, 1934, 1, etc.) has observed flowing movements 
within living axons, and Parker and Paine (Am. J. Anat., 54,1934, 
1) in the course of a study of degeneration of the lateral line nerve 
of catfish stress “ the capacity of the axis cylinder, and especially 
its wall, to move its contents by a kind of peristalsis.” Admittedly 
our knowledge of the transport of substances in an axon is frag¬ 
mentary, but Parker believes that there may be a flow of substance 
emanating from the nucleated part of the neuron and passing out 
through its processes. Wallsrian degeneration of the severed part 
of an axon would therefore be the result of interruption of this 
flow. This concept is speculative, but it is perhaps supported by 
the observation that the substance of the axons of the giant narve 
fibres of Cephalopoda is semi-fluid, so that it pours out £rom the 
out end of a nerve (Young, J. Phyaioi., 83, 1984, 27P). 
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Further evidence that nerve cells may undergo rapid internal 
movements may be found in the observations of Ingersoli (J. Comp. 
New.,, 59, 1934, 267) that the size of the nucleiis and cytoplasm 
of the cells of the coeliac plexus decreases after stimulation. P6terft 
and Williams {Arch. f. exp. ZeUforsch., 16, 1934, 241) also observed 
that when the colls in explants of nervous tissue were stimulated 
by means of micro-electrodos the cytoplasm became more granular 
and the axon and end^bulb increased in size. 

Speidel (see above) has very greatly added to our knowledge of 
the growth of nerves by his studies of living neurons in the tails 
of tadpoles during development and regeneration. He has watched 
growth cones advancing by a slow, irregular flowing motion, spinning 
the nerve fibres behind them. Schwann cells have been seen 
migrating out from the spinal cord and proliferating by mitosis as 
they go. The observation that leucocytes may move along between 
the neurilemma and the myelin, but not between the latter and the 
axon, seems to show that the fatty layer belongs to the axis cylinder 
rather than to the sheath cell, though the presence of the latter is 
essential for its development. Anastomoses, apparently involving 
complete fusion of separate axons, may occur where two fibres 
cross, or between the adjacent fibres of a recently sectioned stump, 
but growth cones do not anastomose. After section of unmyelinated 
fibres the two stumps may heal by direct re-union (*' first inten^ 
tion ’’) provided that the fibres of the peripheral stump are still in 
connection with cell bodies by more d^tal anastomoses. 

As regards the directive influences controlling the course of out¬ 
growth, Speidel finds that axons very often grow along the processes 
of fibroblasts, and he lays emphasis on orientation by mechanical 
and structural factors, whUe not denying the possibility of chemical, 
electrical or radiative influences. These are however excluded by 
the observations of Weiss {J. Exp. Zool., 68, 1934, 393) who in¬ 
vestigated the factors controlling the direction of growth of axons 
in tissue cultures. In no case did chemical factors, such as tissue 
extracts, produce any orientation of the growing fibres, nor could 
he confirm the much-quoted experiments of Ingvar on the directive 
effects of an electric current or the electro-magnetic field around a 
conductor. However a very powerful orientating influence was 
found to be the stretching or stroking of the culture, which produces 
an “ ultrastructural pattern ’’ in the ground-substance. The nerve 
fibres grow along any such lines of stress in the medium, and various 
features of normal nerve-development can be paralleled artificially 
by the use of this knowledge. For instance, if two spinal ganglia 
are cultured together the fibres grow out in a line connecting the 
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two, this being due to the stresses set up by the abstraction of water 
from the medium aroxmd each mass of tissue. Karssen and Sager 
{Arch. /. exp. Zdlforach., 16, 1934, 255) were also unable to confirm 
the observations of Ingvar on the growth of neurons in electric 
fields. 

The studies of Coghill on the parallel development of neural and 
behaviour patterns have been extended by the work of Orr and 
Windle {J. Comp. Neur., 60, 1934, 271) on birds. The first move¬ 
ments of a chick embryo are unilateral trunk flexions, occurring 
on the fifth day, at a time when the motor units are still quite 
independent of each other. The appearance of bilateral movements 
follows when the ventral longitudinal pathway makes connection 
with the motor-neurons by means of collaterals. The first reflex 
responses coincide with the growth of fibres from the dorsal funiculi 
(sensory pathway) to connect with the motor cells. The develop¬ 
ment of the behaviour pattern of birds has therefore marked similari¬ 
ties with that of Amphibia. On the other hand in cats Windle 
{J. Comp. Neur., 59, 1934, 487) finds that the first behaviour patterns 
consist of local movements of the fore-limbs, and there is no 
evidence of a gradually expanding total pattern of behaviour, 
completely int/egrated from the beginning. 

A paper by Wilkinson (J. Comp. Neur., 69, 1934, 221) deals 
with the debated question of the innervation of striated muscles. 
He was unable to find the periterminal network which is alleged by 
Boeke to connect the neurofibrils with the substance of the muscle 
fibre. Moreover, after section of the somatic nerves to a nruscle, 
leaving the sympathetic supply intact, he failed to find any sym¬ 
pathetic fibres running directly to the striped muscle fibres ; the 
existence of an autonomic innervation of striped muscle therefore 
remains doubtful. 

There is doubt also about another long-standing neurological 
controversy, namely the existence of efferent fibres in dorsal roots. 
Hinsey {J. Comp. Neur., 59, 1934, 117) sectioned the lumbo-sacral 
dorsal roots of cats and failed to find any evidence of the degenera¬ 
tion or regeneration of efferent fibres. Barron and Matthews {J. of 
Physiol., 83, 1934, 5P) provide a possible explanation for many of 
the confliioting views on this question. They claim that the dorsal 
root fibres entering the cord send off collaterals which run longitu¬ 
dinally for some distance, and then leave the cord again by a rootlet 
different ftom that by which they entered, sometimes by a rootlet 
belonging even to a different segmental root. These re-emergent 
fibres do not, of course, degenerate in the central stump aft^ section 
between a ganglion and the cord. They are held to constitute 



ZOOLOGY 


323 

30-50 per cent, of all the fibres in each root, and there may be, in 
addition, a small number of true efierent fibres with cell bodies 
lying within the cord. This interesting suggestion requires con¬ 
firmation ; one difficulty is evidence such as that of Davenport and 
Bothe (t/. Comp, Neur., 59, 1934, 167) that the number of fibres in 
the dorsal root is equal to the number of nerve colls in the ganglion. 

Much interest has centred recently around the question of pos¬ 
sible humoral mechanisms for transmission across synapses, or 
between nerves and their effector organs. Feldberg and Gaddum 
(./. Physiol,y 81, 1934, 305) showed that if the cervical sympathetic 
tmnk be stimulated during perfusion of the superior cervical sym¬ 
pathetic ganglion, then acetyl choline appears in the efflux, and 
after careful analysis of this phenomenon they come to the conclu¬ 
sion that the acetyl choline works as a synaptic transmitter. Eccles 
{J, Physiol,y 81, 1934, 8P, etc.) however considers that it is not 
yet sufficiently demonstrated that the acetyl choline actually 
mediates the stimulation of the next cell in the chain and wo are 
clearly still some way from a full understanding of the mechanism 
of the synapse, which is probably somewhat complex. 

It has also been shown that acetyl choline is liberated during 
the stimulation of the nerves to the sweat glands, stomach, perhaps 
salivary glands and, most remarkable of all, to the adrenals. In 
this case Feldberg, Ming and Tsudzimura (J, Physiol,y 81, 1934, 
286) showed that eserine (which prevents the destruction of acetyl 
choline) increases the adrenaline output in response to stimulation 
of the nerves to the adrenal. Dale {J, Physiol,y 80, 1934, lOP) 
points out that we now need names for the two kinds of chemical 
transmission due to substances like adrenaline and acetyl choline ; 
he suggests adrenergic and cholinergic. Thus post-ganglionic 
parasympathetic fibres are cholinergic, post-ganglionic sympathetic 
fibres adrenergic and all pre-ganglionios perhaps cholinergic. 

Much further work has been done on the physiology of the 
nerve impulse, and the general conclusion that the impulses in a 
fibre can vary only in frequency still holds. However, there are 
stiU various theories which involve the passage of different types of 
impulse over the fibre, such as the resonance theory of Weiss, who 
has recently (J, Comp, Neur,, 61, 1936,136) performed the ingenious 
experiment of disconnecting the central end of a toad’s dorsal root 
and planting it into a denervated muscle, thus establishing a mono- 
neural connection between receptor and effector organ. The nerve 
fibres formed a successful junction, in the sense that the electrical 
stimulation of the sensory nerve was followed by contraction of 
the muscle; however normal mechanical stimulation of the skin 
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failed to produce any such result, and this failure he interprets as 
supporting his resonance theory of the specific nervous impulses 
necessary to produce contraction of a muscle. 

The investigation of the electrical changes accompanying the 
activity of the central nervous system may provide very important 
developments in the future, and Adrian and Matthews (J. Physiol, ^ 
81, 1934, 440) have begun a careful analysis of the potential changes 
led off by electrodes placed on the cerebral cortex of anesthetised 
rabbits. They find that the neurons pulsate in small groups over 
areas 3-4 mm, in diameter, and that slower waves of pulsation may 
pass over the whole cortex. 

Lashley (J, Comp, Neur., 59, 341 and 60, 57, 1934) has continued 
his most iUuminating study of cortical function in the rat; showing 
by means of degeneration experiments that there is a point to point 
representation of the retina both in the thalamus and also in the 
occipital cortex. In discussing the significance of this “ cortical 
retina ” he shows that it cannot be a mere embryological accident 
since the orderly arrangement is wholly lost in the optic nerve, and 
the fibres are then re-sorted in the thalamus. Therefore “the 
spatial reproduction of the sensory surface upon the cortex becomes 
intelligible only upon the assumption that it forms the basis for 
some ‘ field organisation ’ in which the pattern of excitation in 
definite spatial relations is the determining factor in the arousal of 
the final motor response.“ 

A similar standpoint has been adopted by Swann {J, Comp, 
Neur,, 59, 1934, 175) during a study of the effects of partial destruc¬ 
tion of the forebrain of rats on the retention of olfactory habits. 
He found that up to 70 per cent, of the whole cortex can be removed 
without loss of a habit. Particularly surprising was the fact that 
the whole hippocampal cortex, usually held to be mainly concerned 
with olfactory functions, can be removed without interference with 
the performance of a habit based on smeU. 

Genetics. — ^N. P. Dubinin and M. A. Heptner {J. Gen,, 30, 
1935, 423-46) have demonstrated a new phenotypic effect of the 
Y-chromosome in Drosophila melanogaster. A dominant gene in the 
second chromosome produces uniform dark brownish eyes, and a 
so-called “ factor,“ My, in the Y-chromosome interacts specifically 
with it to give a mottled effect. The action of Y is here very 
similar to that caused by genic material in the other chromosomes, 
since it controls the formation and distribution of pigment. Unlike 
“ bobbed,” however, My has no allelomorph in the X-ohromosome. 
In this respect it presents a type of genetic action which is eb far 
unique. It is, in reality, uncertain if the effect is due to a single 
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gene, and the position of the region concerned is in doubt, but there 
is some indication that it is situated in the middle of Y. 

R. A. Brink and D. C. Cooper {Genetics, 20, 1935, 22-35) have 
obtedned a further instance in which it has been possible to show 
that genetic crossing-over involves an exchange of segments between 
homologous chromosomes. In studying a strain of Zea mays with 
two reciprocal translocations, they obtained 46 plants which com¬ 
bined the necessary crossing-over and c 3 rtologic^ configuration to 
provide a test of chromatin interchange. These cytological tests 
of genetic crossing-over are very important. Previously, they have 
only been demonstrated three times : by Stem (1931), to whose 
work the present authors refer, by Darlington (1930) and by Mather 
(1933), both of whom they omit. 

H. H. Plough and P. T. Ives {Genetics, 20, 1935, 42-69) have 
confirmed in more detail the induction of mutation by high tem¬ 
peratures, according to the Goldschmidt-Jollos method. This in¬ 
volves exposing the larvse to a temperature of 36-5° C. for 24hours. 
Otherwise the stock (and controls) are kept at 24° C. They found 
that this treatment increased the mutation rate about sixfold. 

J. B. S. Haldane {Nature, 135, 1935, 907-8), studying the 
incidence of epiloia, an autosomal dominant, and hsemophilia, a 
sex-linked recessive, has obtained the first evidence bearing on the 
mutation rate in man (or, indeed, in any vertebrate). The former 
gives a value of about 1 in 120,000 per generation, and the latter of 
1 in 60,000 to 100,000 per X-chromosome per generation. The 
author points out that this seems to indicate a somewhat higher 
mutation rate than that of Drosophila. 

Paljeontology. —Smith Woodward has recently {Ann. Mag. 
Nat. Hist., 15, 1935, 392-95) revised his views on the affinities of 
the Acanthodian and Arthrodiran fishes. He now considers that 
although they have the ordinary jaws of true fishes, their paired 
fins have evolved in the same yrays as the Ostraooderms. The 
author bases this belief on the assumption that the original fin 
skeleton is the dermal skeletal covering as is the case in the Ostra- 
ooderms, and in the Arthrodires and Aoanthodians the endo-skeletal 
supports are not developed except in the very late forms such as 
Acanthodes bronni. 

Stensid {Med. om Gronland, 97, 1934, 1-58, 25 plates) has shown 
beyond doubt that Phyllalepis is a Bpeoialised relative of the Arthro- 
dhm and not related to Drepanaspis as has generally been accepted. 

Piveteau {Annal. de Pedeont., 23, 1934, 83-180, 10 plates) has 
desoribed at great length in a beautifully illustrated memoir the 
Aotinopterygian fishes of the Trias of Madagascar. 
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Stensio (Paleontol. Sinicay C, 3, 1935, 1-48, 17 plates) has des¬ 
cribed a new genus of Amioid, Sinamia from the Cretaceous of 
China. It is of particular interest in that it is the first Amioid to 
be described with rhombic ganoid scales. Sinamia is more primi¬ 
tive than Amia in having a supraorbital series of bones and six 
extrascapulars ; at the same time its parietals are fused into a 
single median bone. 

S&ve-Soderbergh {Medcl. om Orenlandy 98, 1935, 1-211, 15 
plates) has published the evidence for dividing the Embolomerous 
Amphibians into two superfamilies, the Loxommoideas and the 
Anthracosauroidese; the former being related to the remainder of the 
Amphibia and the latter giving rise to the primitive Reptilia. The 
author has adopted the system of nomenclature for dermal bones, 
in which it is assumed that fusion of bones has occurred ratlier 
than the disappearance of a bone. Consequently such terms as 
naso-rostro-premaxillary ” are used in place of the current term 
“ premaxillary.” This system will not be acceptable to many 
workers. 

PHYSICAL ANTHROPOLOGY. By L. H. Ditdlky Buxton, M.A„ 

D.Sc., Exeter College, Oxford. 

Bkpore reviewing in detail some of the most important papers 
which have appeared recently, it may bo convenient to state shortly 
the general lines which this science has followed during the last 
half year. To a certain extent the trend followed corresponds to 
national divisions, but this is not entirely the case. The Anthro¬ 
pological Society of Paris continues the anatomical tradition and 
is doing most valuable work in the accumulation of comparative 
data on the soft parts. Czekanowski and his school are developing 
in Poland, Germany, and elsewhere their method of analysis of 
actual populations into what they consider to be the relative pro¬ 
portions of the basal stocks of Europe. In this country for the 
most part recent work has tended in the opposite direction (as 
noticed previously in these notes), and workers have preferred to 
take populations as a whole and to compare them with another 
rather than to attempt to analyse the percentage proportions of 
say Nordic, Alpine and Mediterranean. Interest is still focussed 
in most countries on the analysis of blood groups, and a great deal 
of comparative material is being collected from all over the world. 
Considerable attention appears to be attaching itself to methodo¬ 
logy, necessarily somewhat tentative and not to be summarised in a 
few words, but special mention may be made of two papers in the 
ZeiUchrifi fUr Baasenkundey Vol. II, by Professor von Eickstedt on 
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local studies and by I. Schwidetzky on Von Eickstedt’s formula for 
racial analysis. 

Of recent papers the most outstanding is that by Drs. Karl 
Pearson and G. M. Morant [Biometrika, Vol. XXVI, Deo. 1934) 
on “ The Wilkinson Head of Oliver Cromwell and its relationship 
to Busts, Masks and Painted Portraits.^' This very complete study, 
which is elaborately and carefully illustrated and documented, 
gives in detail all the evidence known on the physical form of the 
I^rd Protector. Anthropological measurements are given of the 
Wilkinson head and of all known busts, masks and portraits, and 
the authors come to the conclusion that the evidence points to the 
Wilkinson head being actually that of Oliver Cromwell himself. 
The study is both of great historical interest and of importance 
as a model for the anthropological investigation of individual char¬ 
acteristics. The next volume of Biometrika (Vol. XXVII, 1935) 
contains an interesting account by K. Wagner on methods of 
measuring the internal diameters of the skull. The author con¬ 
cludes that the difference in general shape of the brain between 
anthropoids and prehistoric and recent races is not nearly so great 
as craniological investigations have led us to suppose, but he admits 
that it is possible that future investigation will lead us to attach 
great importance to such as exist. He also discusses the differences 
between the size of the two cerebral hemispheres. This paper has 
proved the occasion of a most valuable note by Dr. Pearson, who 
points out the difficulties raised by the last part of Dr. Wagner’s 
paper and gives us in some detail an account of his methods of 
calculating cranial capacity from skull measurements. He once 
more explains the differences between interracial and intraracial 
constants. The two words are unfortunately very similar in sound 
and it is perhaps to be regretted that besides clearing up the con¬ 
fusion which obviously exists in certain quarters between them 
(they are respectively constants based on racial means and on in¬ 
dividual measurements) Dr. Pearson cannot see his way to sub¬ 
stituting two words which are loss likely to be confused because of 
their similar sound. 

The racial history of north-western Europe is a matter of in¬ 
terest to aU of us and is represented in several recent papers. Dr. 
von Bonin in two papers (Illinois Medical and Denial Monographs, 
Vol. I, No. 1 (a newcomer in anthropological literature) and Human 
Bidogy, Vol. VII, No. 2) discusses the Cap-Blano skeleton which is 
of Magdalenian date, that is the very end of the Upper Palffiolithio 
period. He supports Ih*. Morant’s theory that the Upper Palaso- 
lithic people belonged to a single race. He concludes that the 
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t 3 rpe BTirvived in Neolithic times and that there is at least one 
series which resembles the Upper Palseolithio on one hand and 
resembles on the other some primitive Nordics very closely in the 
sisse and shape of their skulls. Progress must obviously be based 
on variations of opinion. It would appear that Dr. Zejrao-Zejmis 
writing in ArUhropologie, Tome 45, 1935, takes a very different 
point of view. His paper is on the “ racial structure ” of Scan¬ 
dinavia. He bases his conclusions on a study of the living popu¬ 
lation of that region and after an analysis by provinces based on 
the proportions of the Nordic, Mediterranean and “ Lapponoid ” 
races which he believes to occur in the various regions, he suggests 
the following racial history of the peninsula. First there was a 
primitive basis of the Mediterranean race, probably to be identified 
with the Cromagnon type of Upper Palseolithic times, a type which 
Von Bonin considers to bo, if not Nordic, at least showing Nordic 
affinities. The second immigrants associated with the kitchen- 
midden culture are brachycephalic and the author would apparently 
connect them with the well-toown round-headed people from Ofhet. 
Finally he suggests that the third invasion was that of Nordics 
who were the first political oiganisers, the Nordic centre of dis¬ 
persion in Norway being of secondary origin. The point raised in 
these two papers is one of considerable interest to all students 
of the early history of man in north-western Europe, and the crux 
is whether the Nordic race are really the true indigines or whether 
the Neolithic people were of Mediterranean origin while the Nordics 
were later invaders. A not less interesting question about 'the 
population of England is raised by Dr. Morant in a brochure {The 
History of the Human skeletons preserved in the ossuary of the Church 
of St. Leonard, Hythe, by G. M. Morant, with a foreword by the 
l^v. Edwin W. Smith. F. J. Parsons, Ltd., London, Hastings, 
and Folkestone). Dr. Morant had previously discussed the bones 
at Hythe in a paper in Biometrika. This pamphlet is leas technical. 
He holds that the Hythe bones are probably those of descendants 
of original Roman settlers in this country, with probably other 
admixture. He compares them with a long series of bones excavated 
at Spitalfields of uncertain archseological date. Both series show 
undoubted continental and non-British affinities. Morant finds it 
hard to believe that they represent immigrants in medusval times 
and prefers to solve the dilemma by suggesting that the Spitalfields 
bones are those of actual Roman settlers. The matter is a very 
difficult one and of great interest in understanding the historiotd 
development of the English people. Apart from the Bronze Age 
people and one other series from Dunstable, also suspect archno- 
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logically, all the very nmnerous finds of English bones ate meso- 
cephalic, the Hythe-Spitalfields people are definitely roundheaded. 
The present writer who has had the opportunity of examining two 
other mediseval series, as yet unpublished, which are of the same 
type, while fully admitting the continental affinities of all these 
bones prefers to see in them a mediseval rather than a Romano- 
British invasion, but until we have further evidence the matter 
must remain uncertain. A further study of Roman colonists in a 
very different part of the world is provided by Dr. Victor Lebzelter 
(AtUhropologie, Tome 46, 1935, p. 66 ff). Dr. Lebzelter examined 
4000 soldiers in Roumania. His conclusions are that the Rou¬ 
manians of the Danube plain, of Moldavia, and of the central and 
southern part of the Carpathians, are the descendents of Roman 
colonists, both physically and linguistically. There was a pacific 
substitution of Slavs for these Romans. Subsequently these mixed 
peoples were rolled back into the mountains by the conquering 
German and Turanian peoples. The author concludes that an 
analysis of the Roumanian peoples shows a correlation between 
history, language and race. 

A good deal further from home. Dr. Rivet in the Atmxs da 
Faculdade de Ciencias do Porto, Tomo XVIII, discusses the evolution 
and distribution of the “ Oceanians.” He suggests that at an ex¬ 
tremely remote period a series of migrations originated from South- 
East Asia and the Malay Archipelago. These migrations extended 
fanwise and after peopling the islands of the two Oceans reached 
the New World to the East, Japan to the North, and Europe and 
Africa to the West. He finds no difficulty in suggesting that a 
maritime expansion took place at a very remote date. He con¬ 
cludes that the geographical environment in Malaysia, which wit¬ 
nessed such remarkable developments of the Primates in the Upper 
Miocene and Lower Pliocene, may have been such as to produce a 
condition of unstable equilibrium in the human species. This laek 
of organic equilibrium may have been such as to produce a series 
of mutations resultitig in the successive appearance of Pithecan¬ 
thropus (the Java Ape-man), Sinanthropus (Peking man), the Aus¬ 
tralian type, the Melanesian type, the Indonesian type and the 
Polynesian type. Dr. Rivet considers the differences between these 
not greater than mutants of Drosophila. This hypothesis, he con¬ 
cludes, would explain how it is that the Oceanic peoples, in spite 
of their physical and cultural differences, form a linguistic unity. 
We have here a very far-reaching hypothesis which is not likely to 
be accepted in all quarters, but a reasoned reply does not at present 
appear to have been published. 
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A very different type of paper is that by Professor D. Q. Bokh- 
line {Anthropologie, Tome 46, p. 33). The title of his paper is La 
Sadio-Anthropohgie, and he discusses very precisely the use of 
X-rays in Anthropology. He points out that this method enables 
the observer to study normal and pathological conditions and 
critical periods in general. The development of the individual in 
its various phases from infancy to old age can be exactly examined. 
Finally he emphasises the importance of radiology in the study of 
normal and pathological fossil and subfossil man. In an interesting 
aside he states that the occurrence of syphilis in Europe is long 
pre-Columbian. He quotes examples from Lake Ladoga (eleventh 
to twelfth centuries) and Trans-Baikalia in the Bronze Age in 
second millennium B.C. Finally he emphasises the point that, 
though much anthropological work which uses this method has been 
published, it has not for the most part been done by specialists in 
the technique. 



NOTES 


The Petrology of Banded Bituminous Coal (G. W. T.) 

In 1919 Dr. Marie C. Stopes published a classification of coal 
based on macroscopic features, i.c. characters determinable in hand 
specimens. She coined the terms vitrain, clarain, durain and fusain 
fpr easUy-determined varieties of bituminous coal. During the last 
fifteen years these terms have been widely adopted and have been 
made the basis of a great deal of fruitful research. Unfortunately, 
however, some investigators have caused confusion by applying 
these terms to characters observable in thin sections under the 
microscope. Dr. Stopes has now clarified the position by con¬ 
structing a detailed and elastic schedule of classification in which 
not only are the macroscopic terms amplified, but new names are 
proposed for characteristic units identifiable under the microscope 
On the Petrology of Banded Bituminous Coal,*’ Fuel in Science 
and Practice, Jan. 1935, 14, 4~13). These units are called macerala 
on the analogy of minerals, and are given names with the distinc¬ 
tive termination— inite. Their nature is sufficiently indicated by 
such terms as vitrinite, ficsinite, xylinite, exinite, cutinite, etc. ; while 
the rook-types which are composed of accumulations of one or 
more of these macerals retain the termination— ain. 

The skeletal outline of Dr. Stopes’s new classification may now 
be given as follows: 



Hock'tfpim. 

Haceralii. 

Simple 

Vitrain 

Vitrinite 

Fuaain 

Fuainite 

Complex 

Olarain 

Vitrinite, xylinite, exinite, etc. 

Durain 

Mioronite (or ** Reaiduuin **), exinite, cutinite, etc. 


This scheme is elastic in that it is possible to admit new terms 
without disturbing its structure. Dr. Stopes herself, by adopting 
the results of certain Continental workers, divides vitrain into 
eu^vitrain and pro-vitrain, ou-vitrein again being sub-divided into 
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ulmain and coUainy pro-vitrain into periblain, auberain and xjfJain, 
Such terms as cutainy algain, etc., may in time find a place in the 
classification, with corresponding maceral names, when the scheme 
is extended to cover coals other than the Palaeozoic banded bitumin* 
oufl varieties. We think that Dr. Stopes’s new classification, or 
rather extension of the old classification, represents a considerable 
advance in the petrological study of coal, and incorporates a great 
many recent observations. A valuable bibliography of coal petro¬ 
logy is appended to the paper. 

** Zeitschrift ftlr Rassenkunde(L. H. D. B.) 

A new anthropological journal is an event which calls for special 
attention amongst all those who are at all interested in this 
branch of learning, and Dr. von Eickstedt is to be congratulated 
on his energy and enthusiasm—not to say daring—in this venture. 
The journal is of demi-quarto size and printed on paper of a quality 
which admits the use of half-tones in the text, and those of us who 
know the editor’s own skill with the camera will realise the merits 
of this arrangement. It is a great advantage to have the illus¬ 
trations in their proper place and not to have to search for plates 
at the end. In the first number there is an article which should 
be of considerable interest to English readers. After the Inter¬ 
national Ethnological Conference last summer, to which attention 
has already been drawn in these columns, Dr. von Eickstedt went 
on a short anthropological tour in Montgoraer 3 rBhire. He measured 
about sixty men and a few women. The results of his work appear 
in this article. The author gives a brief summary of the anthro¬ 
pological history of Woles in particular and England in general 
leading up to the modem people whom he measured. It is an 
admirable popular summary of the subject. In some matters per¬ 
haps one might quarrel with the author, for instance he describes 
the Long Barrow skulls as being small and gracile. One can hardly 
think that he has ever looked at any large collection of these skulls; 
he could not have failed to notice that they are, taken as a whole, 
the longest of British skulls of any period, nor should we call them 
exactly “ gracile He believes in common with many anthro- 
pologists that they belong to the Mediterranean Race and concludes 
that the double peaked curve in his modern figure is due to the 
admixture of Nordic and Mediterranean. His figures are too few 
for any conclusions; it is extraordinary what peaks you may get 
in a curve based on a few measurements. But he gives us credit 
for being mainly Nordic. In spite, however, of what ore admittedly 
controversial subjects this particular article is a delightful popular 
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contribution to the subject. A very diflFerent type of paper is 
that in the second part by Dr. Schwidetzky, who is himself a mem¬ 
ber of Professor von Eickstedt’s school in Breslau. This paper is 
a long and detailed account of the anthropology of modem Poland, 
illustrated by a series of extremely valuable maps. This paper is 
not easy reading, it is most learned, careful and thorough, though 
it lacks the practised skill and easy style which makes the previous 
paper we have noticed so pleasant to read. The author gives first 
a critical discussion of the methods of the Lemberg school, followed 
by an analysis of the Czoohanowski tyjxj system, a method which 
by mathematical analysis endeavours to divide up any group of 
people into its constituent main elements and hybrid types. An 
analysis follows of the various parts of Poland and the racial typm 
actually found there. There can be little doubt that this paper 
will remain for some time the standard on the ethnology of Poland, 
both for its subject matter and for the maps and photographs 
which illustrate it. 

These two papers have been selected as the editor seems to 
consider them as the two most important contributions, but other 
varied articles of diiBferent lengths apj^ear, an analysis of literature 
and on account of appointments to anthropological posts. 

The journal is published by Ferdinand Enke, Stuttgart, and 
costs RM.22—per volume of three parts. 

Publications of the South African Institute for Medical Research 
(P. J.) 

Report for the Year ended Dec. 31, 1933 

This report deals with research and routine investigations. In 
the routine division which represents work done by the departments 
of bacteriology, vaccine, pathology, biochemistry, parasitology and 
legal medicine, and which includes the cUnical pathology of the 
Johannesburg General Hospital, the total number of investigations 
made was 97,690, the specimens being derived from Europeans, 
Eurafricans and natives. Short analyses of this work are given 
in tables and annotations. Prom these may be noted the great 
increase in the number of cases submitted for Wassermann test, 
a total of 23,795 ; also the total number 15,828 of tuberculosis 
specimens mostly sputa, about 19 per cent, of which were positive. 
There was a considerable increase in the incidence of typhus fever ; 
174 sera gave high titre of agglutination compared with 59 in the 
previous year. Specimens of a typhus-Uke dis^e known as “ tick- 
bite fever were tested against the requisite strains of B. ProUwt, 
Much confusion might be avoided if this disease were known as 
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“ tiok-typhuB ” as invariably the name “ tick-bite fever ” is oonfiiaed 
with “ tick fever ” or “ relapsing fever ” which is caused by a spiro- 
oheete; whereas “ tiok-bite fever,” as it occurs locally, has been 
proved by Pijper to be caused by rickettsia bodies. Under general 
bacteriology there were 10,266 various specimens, an increase of 
1,003 over the previous year. These figures reflect the progressive 
activity of this important Institute. 

In the research division is re{)orted an investigation into the 
bacteriology of pneumonia among non-mining and raining natives 
of the Witwatersrand district. Some of the mining natives were 
prophylactically inoculated with a vaccine containing seven dif¬ 
ferent strains of pneumococcus. The absence of these strains in 
cases of pneumonia occurring in those subjects indicated immuno- 
logically the marked antigenic value of the vaccine. In the non- 
inooulatod mining natives 64 per cent, showed pneumococcus of 
group B (American group II) confirming a previous finding that 
this strain is normally prevalent in native mine labourers ; by, 
inoculation there was an almost entire elimination of this strain. 
The organism of the unclassified group S (American group IV), 
generally not regarded as especially virulent, is most commonly 
recovered from the respiratory tract of healthy persons, but in the 
Witwatersrand the pneumococcus of this group is undoubtedly 
responsible for acute pneumonia among natives. 

The nature and injurious effects of air-bome dust of the mines 
is a continuous subject of enquiry. It has been unexpectedly found 
that the size frequency distribution of the particles of all air-bome 
dust is the same ; is independent of different procedures of rook 
breaking and handling; is not influenced by the quantity of the 
dust, and moreover unfiltered air-bome dust presents similar size 
frequency distribution to filtered dust. Details of the method of 
estimating the size of the dust particles are not given, but these 
extraordinary results seem to ne^ further study. It is remarkable 
that a series of ore bins dealing with 26,000 to 35,000 tons of ore 
per week and swept by 20,000 cubic feet of air will deposit more 
than 80 lb. of air-bome dust upon the filter in a week. Investiga¬ 
tion was made of the quartz/alumina ratios of the rook which gives 
rise to the air-bome dust, of air-bome dust, and of air-bome dust 
recovered from the lungs of silicotics. It is known that there is 
less SiO, in air-bome dust than in the rocks that give rise to it. 
The “ banket ” is composed of hard rook quartz pebbles set in a 
“ mortar ” of rotten rock of mostly micaceous matter rich in serioite. 
The rock analyses give 70-76 per cent. SiO,; the dust caught on 
the filter gave only 52-65 per cent., the proportion of alumina 
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oorre8pon(ijj3gly rising. Analyses of dust specimens (only 5) re¬ 
covered from lungs of miners gave a close agreement with that of 
the air-bome dust. That micaceous particles are silicosis producing 
remains yet to be proved, but it is clear that in the presence of 
SiOt the fibrous particles are retained in the lungs in large numbers 
and set up tissue changes indistinguishable from the changes set 
up by particles of SiO,. 

In the biochemical department a dietetic and nutritional survey 
has been started; attention being directed to the betterment and 
increase of food resources, comprising soil survey, improvement of 
pastures, cattle and milk production; the use of fish, soya meal, 
etc.; prevention of waste in cooking ; the preserving of fruit and 
vegetables, and the development of food transport facilities. A 
study of native foods and customs about which much is still quite 
unknown would be desirable but difficult to carry out. It seems 
advisable to reconsider some of the standards for diet adequacy; 
it would be especially useful if the degree of nutrition actually 
obtained were more susceptible of measurement. At present there 
is a good deal of uncertainty as to the optimum growth curve for 
groups of children. 

A research extending over several years was undertaken to find 
out whether prolonged cultivation of strains of streptococcus and 
of Salmonella gallinarum on liquid media composed of extracts 
of Rous sarcoma and mouse carcinoma would acquire a specific 
affinity for tumour tissue from which the extract was derived. 
In a previous report it was stated that there is a slightly larger 
afiinity for tumour tissue when the tumour in the living fowl is 
treated with injections of filtered cultures of micro-organisms grown 
on specific tumour extract media as compared with filtered cultures 
of micro-organisms grown on extract of normal or non-oancerous 
tissues. These results are not confirmed by subsequent trials. It 
was foimd that in the majority of fowls and mice which were either 
carriers of tumours or receiv^ tumour inoculation simultaneously 
with the filtered culture media, no difference could be found be¬ 
tween fowls and mice treated with filtered culture of micro-organisms 
grown on tumour extracts and fowls or mice treated with filtered 
cultures of micro-organisms grown on extracts of normal tissue. 

It is considered that this negative result is of value “ because 
it definitely ranges with the negative results of all biological methods 
which aim at destroying cancer cells at a distance, i.e. via the cir¬ 
culation, whilst leaving undamaged the normal tissue of the body.” 

The non-specificity of Bendien’s sero-diagnosis test for early 
oases of malignant disease were demonstrated on 44 neoplastic and 
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24 non-neoplastio cases. It is remarked that we have no indication 
of the presence in cancer cells of an extrinsic virus which would 
cause alteration in the serum similar to that found in disease due 
to bacteria or viruses. 

An account of a paper by Dr. Ligneris dealing with tissue culture 
work is given below. 

■ The above report is a valuable contribution to medical science. 

Studies in Cell Growth (Part 2) 

Dr. M. J. A. des Ligneris describes his experiments on the 
growth in vitro of normal mouse cells and mouse cancer cells (car¬ 
cinoma and sarcoma) in neutral and immune media (serum and 
plasma). This paper is a contribution to the Lumsdon-Ludford 
controversy. In the author’s opinion the question at issue and 
around which a serum treatment of cancer is centred, is that of 
the specificity or otherwise of anti-malignant—cell bodies in animals 
treated by injection of cancerous tissues ; and the basis for the 
possibility of the serum treatment of cancer is to be sought in 
the demonstration, by laboratory methods, of anti-malignant—cell 
bodies lethal to cancer cells but harmless to normed tissue cells, 
in the serum of animals treated by injections of cancerous tissue. 
After describing the technique employed, and detailing a number of 
experiments which are illustrated by some 109 microphotographs 
showing the characters of the in vitro growths he obtained, the 
author shows clearly that in the serum of sheep treated with re¬ 
peated injections of mouse carcinomatous tissue, the developing 
anti-bodies have none other than antispecies characters; it was 
not possible to detect in these sheep sera any kind of anti-body 
capable of showing any specifically anti-malignant” oharaoteiistios. 

The same effect was regularly obtained with mouse carcinoma 
or with mouse sarcoma cells in vitro, whether the serum or plasma 
used originated from a sheep injected with normal mouse organs 
or with mouse carcinoma. The effect on normal mouse cells (liver 
lung kidney spleen) growing in vitro was the same whether the 
one or the other of the two kinds (malignant or normal) of anti¬ 
mouse—sheep serum was used. 

These results accord with those previously obtained in immunity 
experiments wdth Rous sarcoma in fowls ; the anti-bodies forming 
in the blood of tumour-bearing birds depend on individual and 
on racial particularities; there are no signs of a specific “ anti* 
malignant ” anti-body, such as would be expected if an extrinsic 
factor (micro-organism, virus) were present. In the case of mouse* 
oaromoma injections into sheep, the anti-bodies forming in the 
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sheep's blood act equally well against nonnal mouse cells and 
against mouse sarcoma as they do against mouse carcinoma cells. 

Xnstitnte for Medical Research, Kuala Lumpur, Annual Report 
lor 1933 (P. J.) 

Besides the routine examination of specimens submitted by 
medical and health officers and other departments, particular atten¬ 
tion is invited to Dr. R. Green’s report (Appendix IV) on malaria, 
and the work of Drs. Lewthwaite and Savoor on tropical typhus 
and Japanese river fever (Appendix II). 

The malarial research has been concerned with the substitution 
of atebrin for quinine in the treatment of malaria as it occurs on 
rubber estates, that is, among ambulatory patients who do not 
need in-patient hospital treatment. Among labourers in Malaya 
the majority of malarial infection is subtertian. 

A series of experiments were undertaken to compare the effi¬ 
ciency, cost and convenience of a mass treatment of all persons 
living in the estate lines with atebrin, followed after an interval 
of six to eight weeks by selective treatment of individuals who 
are found by thick film blood examinations to be infected with 
malaria, with the ordinary treatment as frequently given in such 
lines. The treatment-technique could be undertaken only on an 
estate provided with a microscope and a dresser proficient in examina¬ 
tion of blood films. This series terminated at the end of six months. 
Analysis of the results shows that the whole atebrin-treated group 
only required about a fourth of the number of “ day treatments ” 
required by the quinine-treated control group; each individual 
treated with atebrin was under treatment for little over a fourth 
of the number of days of each individual treated with quinine. 
The costs in the two instances happened to coincide. 

In a second series, intended to simulate conditions on an estate 
which was unprovided with a microscope, all individuals, including 
newcomers, were given a preliminary five-day course of atebrin; and 
oM oases subsequently showing any kind of fever were re-treated with 
atebrin. During the whole of the period the working efficiency of the 
labourers maintained a high level, despite a 60 per cent, incidence of 
malarial fever dtuing the seven months of the experiment. 

At the worst malarial period only 2 per cent, of available working 
days were lost owing to fever; the labourers returned to work 
usually after the third day of treatment. The cost of atebrin per 
unit of the population was about $1*60 during the seven months, 
or 78 per cent, greater than the corresponding cost in the previous 
experiment. 
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Atebrin has the advantage that the daily curative dose can be 
given at one muster. Workers preferred atebrin to quinine from 
the fear of cinohonism, so they reported earlier for treatment, which 
may account for the absence of serious cases. 

A third series of experiments were concerned with the com¬ 
parative efficacy and cost of giving a seven-day course of quinine 
in curative doses as against a six-day course of atebrin. The re¬ 
sults are not yet complete, but there is evidence to show the 
superiority of short “ curative ” courses of quinine over prolonged 
courses averaging about X gr. daily.. 

No prophylactic effect was ascribable to atebrin. 

The development of crescents and their persistence in the blood 
seems to be quite unaffected by quinine, atebrin or tebetrin ; nor 
did these drugs prevent mosquitoes becoming infected ficom crescent 
carriers at any time during the treatment. Relapse rates, or the 
reappearance of trophozoites in the blood, were markedly less and 
after longer intervals with atebrin than with quinine treatment. 

Of the typhus investigation Drs. Lewthwaite and Savoor report 
the laboratory maintenance of the three strains, the origins and 
characteristics of which were summarised in the 1932 annual re¬ 
port, viz. the B “ Seerangayee ” strain representative of rural, 
scrub or “ K ” type of tropical typhus, now in its 68th generation 
in the guinea pig ; the “ Manickam ” strain representative of the 
urban or “ W ” type of tropical typhus, which is now in its 46th 
generation in the guinea pig ; and the “ Wellington ” strain (isolated 
from a patient of that name) representative of Japanese river 
fever, which is now in its 54th generation in the rabbit, being main¬ 
tained therein by the intra-ocular inoculation method. The “ K ” 
and “ W ” strains have been shown to be immunologically distinct 
in guinea pigs, and this distinction has now been corroborated by 
parallel experiments on rabbit strains. 

With the view to investigate the relation of the two types of 
tropical typhus that occur in Malaya with Rocky mountain spotted 
fever collaboration of this institute was invited by Dr. Parker of 
the Rocky mountain spotted fever laboratory (Hamilton, Montana, 
U.S.A.). A supply of uninfected nymphs and adults of the wood 
tick, Dermacenior Anderaoni, were forwarded from Hn.milf.nn to 
Kuala Lumpur. These were fed on infected guinea pigs of the 
“ Seerangayee ” “ K ” and “ Manickam ” “ W ” strains of tropical 
typhus, then removed and returned to Dr. Parker for reactivation 
by feeding on guinea pigs in his laboratory. This institute reowvda 
ten infected Rocky mountain fever adult ticks, Dermacmtor Ander’ 
eoni, that had been fed at Hamilton two to three days prior to 
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deepatoh, and were placed on an uninfected guinea pig. Six of the 
ticks attached and the guinea pig showed a febrile reaction on the 
fifth day. By passage of heart blood virus from this guinea pig the 
disease was reproduced in a second generation of guinea pigs and 
no difficulty has since been experienced in maintaining the strain by 
similar passage ; it is now in its ninth generation. Scrotal swelling 
occurs in 90 per cent, of the infected males ; the majority die. 

Eight guinea pigs recovered from the “ K ” strain infection, 
and six of which proved immune were inoculated with spotted 
fever virus; they all reacted as the two control guinea pigs, all 
six (males) developed scrotal swelling ; the infection proved fatal. 
Of thirteen guinea pigs recovered from “ W ” strmn infection ten 
reacted typically to spotted fever virus, six out of seven males 
developing scrotal swelling. 

Many batches of serum drawn at the end of the first week of 
convalescence from both guinea pig and man recovered from either 
urban “ W ” or rural “ K ” type of tropical typhus were sent to 
Dr. Parker who in a personal communication reports that no pro¬ 
tection against spotted fever serum virus was afforded by either 
type of convalescent serum sent to him. 

Miscellanea 

The Honours list published on the occasion of the Jubilee and of 
the King's birthday included the names of the foUowing workers in the 
domain of science : O.M.: Sir Frederick Qowland Hopkins, P.R.S. 
K.C.B,: Dr. G. C. Simpson, director of the Meteorological Office. 
K.B.E.: Prof. J. C. McLennan, emeritus professor of physics in 
the University of Toronto. Knights: Mr. N. Ashbridge, chief 
engineer of the B.B.C.; Prof. J. Barcroft, professor of ph 3 r 8 iology, 
University of Cambridge ; Dr. L. L. Fermor, director of the Geo¬ 
logical Survey of India; Mr. P. P. Laidlaw, pathologist to the 
Medical Research Council; Dr. S. L. Pearce, engineer-in-ohief of 
the London Power Co., Ltd.; Dr. C. L. Woolley, archaeologist. 
G.B.: Dr. W. T. Calmam, keeper of zoology, British Museum 
(Natural History); Dr. F. S. Sinnatt, director of fuel research, 
D.S.I.B.; Mr. H. E. Wimperis, director of scientific research. Air 
Ministry. C.M.O.: Mr. E. Harrison, director of agriculture, 
Tanganyika Territory; Mr. E. J. Wortley, director of agriculture, 
Trinideid. 0.1.B.: Lt.-Col. R. Knowles, secretary of the Calcutta 
School of Tropical Medicine. C.B.B.: Dr. W. F. Bewley, director 
of the Experimental and Research Station of the Ministry of Agri¬ 
culture and Fisheries, Cheshunt; Dr. 0. E. Cook, chief protector 
of aborigines, Northern Territory, Commonwealth of Australia; 
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Dr. G. W. M. Findlay, of the Wellcome Research Institution, 
London ; Prof. A. Fowler, emeritus professor of astrophysics in the 
University of London; Dr. W. L. Miller, president of the Royal 
Society of Canada; Mr. F. T. Shutt, lately Dominion Chemist, 
Dominion of Canada; Dr. N. V. Sidgwick, reader in chemistry in 
the University of Oxford. 1.8.0.: Mr. W. Dallimore, keeper of 
museums, Royal Botanic Gardens, Kew. O.B.E.: Prof. G. B. 
Bryan, professor of physics. Royal Naval College, Greenwich ; Dr. 
W. A. Richardson, principal of the Technical College, Derby ; Mr. 
A. Walter, director. Meteorological Service, East Africa. 

Mr. Walter Elliot, Minister for Agriculture and Fisheries, has 
been elected a Fellow of the Royal Society under the statute which 
permits the election of “ persons who have rendered conspicuous 
service to the cause of science, or are such that their election would 
be of signal benefit to the Society.” 

Dr. Irving Langmuir, physical chemist, and Prof. Max Weber, 
ichthyologist and oceanographer, have been elected foreign members 
of the Royal Society. 

The Albert medal of the Royal Society of Arts for 1936 has 
been awarded to Sir Robert Ha^eld for his work in metallurgy 
and his services to the steel industry. 

The medal of the Society of Chemical Industry has been awarded 
to Dr. E. F. Armstrong for his conspicuous services to chemistry. 

The Franklin Institute has awarded Franklin medals to Prof. A- 
Einstein for bis work on relativity and the photo electric effect and 
to Sir Ambrose Fleming for his work on the thermionic valve. 

Dr. J. S. Haldane, director of the Mining Research Laboratory 
in the University of Birmingham, has been elected a foreign associate 
of the U.S. Academy of Sciences. 

Dr. Edward Mellanby has been elected FuUerian professor of 
physiology in the Royal Institution in succession to Sir Grafton 
Elliot Smith. 

The Actonian Prize of 100 guineas which is awarded septennially 
by the Managers of the Royal Institution for “ the l^t essay 
illustrative of the wisdom and beneficence of the Almighty ” has 
been awarded to Mr. W. T. Astbury for his papers entitled “ X-ray 
Studies of the Structure of Hair, Wool and Related Fibres ” pub¬ 
lished in the Philosophical Transactions of the BoytA Society. A 
shortened account of this work appeared in Soibnob Pboobbss, 
Vol. XXVIII, p. 210. 

Dr. Bernard Smith has been appointed to succeed Sir John Flett 
as director of the Geological Survey of Great Britain. 
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We have noted with great r^ret the announcements, during the 
past quarter, of the death of the following workers well known in 
scientific circles :—Sir Robert Blair, lately Education Officer to the 
London County Council; Dr. A. Braunley, head of the Department 
of Pure and Applied Science, Loughborough College; Mr. W. R. 
Butterfield, curator and librarian at the Brassey Institute, Hastings ; 
Prof. J. B. Cohen, F.R.S., emeritus professor of organic chemistry 
in the University of Leeds ; Prof. M. Cremer, emeritus professor of 
physiology in the University of Berlin; Mr. J. T. Cunningham, 
marine biologist. Queen Mary College ; Dr. D. N. Dunlop, director 
of the British Electrical and Allied Manufacturers’ Association ; 
Mr. W. S. Franks of Brockhurst Observatory, East Grinstead ; 
Prof. Edwin B. Frost, emeritus director of Yerkes Observatory; 
Prof. R. M. Holman of the University of California, botanist; Mr. 
C. T. Kingzett, author of the Chemical Encyclopaedia ; Prof. W. 
Kolle of Frankfort, bacteriologist; Prof. H. M. Macdonald, pro¬ 
fessor of mathematics in the University of Aberdeen ; Miss Ida M. 
Roper of Bristol, botanist; Dr. C. E. St. John of the Mount Wilson 
Obrorvatory, solar spectrosoopist; Mr. C. E. Stromeyer of Man¬ 
chester, engineer ; Dr. H. H. Thomas, F.R.S., petrographer to the 
Geological Survey ; Prof. Hugo de Vries, For.Mem.R.S., emeritus 
professor of botany in the University of Amsterdam ; Prof. F. Went, 
For.Mem.R.S., of Leyden, botanist. 

At the meeting of the International Astronomical Union held in 
Paris during the period July 10-17 it was resolved that in future the 
term U.T.—^Universal Time—should be used in place of G.C.T.— 
Greenwich Mean Time reckoned from midnight. 

A. J. Dempster of the University of Chicago, using a mass- 
spectrograph of new design, has investigated the isotopic constitu¬ 
tion of a number of elements hitherto unresolved {Nature, June 15, 
July 13, Aug. 3). He finds that platinum has five isotopes of 
atomic masses, 192, 194, 196, 196, 198, but no companion to the 
rhodium isotope 103 discovered by Dr. Aston could be observed. 
Palladifun appears to consist of six isotopes, 102, 104, 106, 106, 108 
and 110, but vrith gold, as with rhodium, only one component, mass 
197, could be detected so, that if other isotopes exist they must be 
present only in very small quantities. The result is not in agreement 
with the v^ue now aooept^ for the atomic weight of gold, namely 
197‘2, and it is probable that this value needs revision. Finally 
Dempster has found that uranium has a second isotope of mass 235 
which is present in very small amounts—-apparently less than 1 per 
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oaixt. of the whole. The chief isotope, 238, was discovered by Aston 
who showed that it formed at least 97 per cent, of the common 
element. The lighter isotope is probably the parent of the actinium 
series of radioactive elements. 

In the July number of Soibnob Pboorbss Dr. Dobson gave an 
account of the results of recent investigations of the upper atmo¬ 
sphere pointing out, in particular, that at a height of 35 km. the 
temperature of the air begins to rise at the rate of about 6® C. per 
kilometre so that at 60 or 70 km. it has reached 100^ C. Further 
evidence on this matter is provided by the seasonal change in the 
maximum ionisation in the F-layer. Assuming that the variation 
of the density of the atmosphere with height remains the same at 
all times of the year the ionisation in the F-layer at noon in summer 
should be nearly twice that at noon in winter, while in fact it is 
less. Appleton (Nature^ July 13) points out that the discrepancy 
may be explained by supposing that the molecular temperature is 
from three to nine times as great in summer as in winter (and the 
air density correspondingly less). If this is so the temperature of 
the air at a height of 300 km. miist be about 1,000° C. on a summer 
day. The rate of variation of the ionisation at sunset in winter 
supports his conclusion and it is possible that the sub-division of 
the F-layer into two parts during the summer period may be due 
to large changes of temperature at high altitudes. 

The Journal of Research of the National Bureau of Standards 
for April 1936 contains an important paper by Vinal and Craig 
dealing with the chemical reactions which occur in the normal 
working of an ordinary lead accumulator. The double-sulphate 
theory, given in the elementary text books, was proposed by Glad¬ 
stone and Tribe in 1882. It is expressed by the well-known equa¬ 
tion 

PbO, 4- 2H,S04 •+■ Pb :5± 2PbS04 + 

which implies that “ the passage of one faraday of electricity 
(96,600 coulombs) in the direction of discharge should result in the 
consumption of one equivalent each of PbO, and Pb and two 
equivalents of sulphuric acid, while two equivalents each of lead 
sulphate and water are formed.^’ Many investigators have en-* 
deavoured to test the truth of this statement, and while some of 
them have found that two equivalents of sulphuric acid are con¬ 
sumed per faraday others have concluded that it is materially lass* 
In 1916 F6ry put forward a theory which supposed that a higher 
oxide of lead is formed on the positive plate (at charge) and a 
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flubflulphate at the negative, the reaction requiring the consumption 
of only one equivalent of acid per faraday. Others have supposed 
that a basic sulphate is formed on discharge so that less than two 
equivalents of acid are used up. 

Measurement of the total amount of acid present in the cell at 
any stage of the charge or discharge is complicated by the difficulty 
of determining the amount in the pores of the plates and in the 
separators. Vinal and Craig have overcome this difficulty by using 
the “ method of mixture ” ; the concentration of the solution in 
the cell is found ; a known mass of electrolyte of known but different 
concentration is added ; the concentration of the final solution is 
determined, and then an obvious calculation gives the mass of acid 
present originally. The mixture was stirred occasionally by means 
of an air jet and it was observed that two hours after the liquids 
had been mixed the e.m.f. of cell became constant, indicating that 
the electrolyte in it had become homogeneous. The cell used was 
buUt up of pure lead, grids pasted with lead oxide mixed with dilute 
sulphuric acid and all necessary precautions to avoid errors were 
taken. As a result the mean value of the equivalents of acid per 
faraday was found to be 2-02 ± 0-03 in excellent accord with the 
double-sulphate theory. It is interesting to note that two sets of 
experiments were made, one in the spring and the other in the 
autumn of 1934. In the intervening six months the cell was left 
in a partially discharged condition without harmful sulphation 
taldng place or visible liberation of gas from the negative plate—a 
result probably due to the use of pure materials in the cell and the 
careful insulation of the terminals. 

The Report of the National Physical Laboratory for the year 
1934 (H.M. Stationery Office, 13«. net) shows tlmt there has been 
a marked increase in the industrial work carried out in the labora¬ 
tory. For example, in 1933 forty-five ship designs were tested in 
the William Froude Laboratory, while in 1934 the number was 
sixty, a new record which involved an increase of staff and overtime 
work. The Sound Division of the Physios Department also was ex¬ 
ceptionally busy owing to the increased attention now being devoted 
to noise problems, in particular to the silencing of aircraft, the 
Boimdprooflng of walls and floors in flats and the limitation of the 
noise produced by mechanically propelled vehicles. The number 
of high-precision thermometer tests made during the year was 
30 per cent, greater than in 1933, while the volumetric glassware 
tests showed a 40 per cent, increase; on the other hand fewer clinical 
thermometers were tested—a mere 410,000 ! 
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The Heat Division investigated materials suitable for the heat 
insulation of containers for boM carbon dioxide and found that, for 
this purpose, expanded rubber (density 6-4 lb. fb.~*) has the lowest 
thermal conductivity, namely 0'000067 cad. cm.“^ sec."* deg. C."* at 
— 27° C. The substances tested included balsa wood and cork of 
various densities, and it was found that, for such materials, the ther¬ 
mal conductivity at a fixed temperature is approximately a linear 
function of the cube root of the density, the conductivity of air 
lying on the extrapolated line. 

The Metrology Department reverified the various Laboratory 
standards of mass and reported that the reference standard kilo¬ 
grammes and pounds have remained constant to within 1 part in 
10’ during the last five years. A discrepancy of 6 parts in 10’ 
was found in the values obtained for the wave-length of the cad¬ 
mium red radiation at the Laboratory and at the Reiohsanstalt and 
efforts to trace the cause of the difference were still being made 
when the Beport was written. An investigation on pivots and 
jewels for electric meters showed that the durability of the jewel 
varies very markedly with the direction, relative to the crystal 
axes, in which it is out. The best watch submitted for test was 
made by the Omega Watch Co. of Bienne. It obtained 97 marks 
as against the record of 97-4 awarded to a watch submitted by the 
same company in 1933. 

The Engineering Department completed a series of measure¬ 
ments of the mean specific heats of a number of gases over the range 
100° C. to 2800° C. It continued the work on cylinders for gas 
traction purposes reported last year, and its other multifarious 
activities include measurements of the movement of parts of the 
Tower of London, of the vibrations of the h uildinga of New 
Scotland Yard and tests of various types of firemens’ helmets. 

The Aerodynamics Department has tested a new type of biplane 
designed to permit slow flight under full control. The upper wings 
are much tapered and the lower wings slope considerably so that 
their tips come close behind the narrow tips of the upper wings. 
The William Proude Laboratory has obtained data to e n a b l e th e 
shipbuilder to design a ship giving minimum pitching in rough 
weather, and has shown how the shape of the hull and the of 
the propeller of coastal vessels may be modified to improve their 
performance by a figure approaching 20 per cent. 
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OUR BLIND NEGLECT OF KNOWLEDGE. By PBorassoB 

H. E. Armstrong, Ph.D., LL.D., D.Sc., F.R.S. Being a Review of 
The Frustration of Science, by Sir Daniel Haix, F.R.S., 
J. G. Crowther, J. D. Bernal, Professor V. H. Mottram, Dr, 
Enid Charles, Dr. P. A. Oorbr and Professor P. M. S. Blackett, 
F.R.S, With a Foreword by Frederick Soddy, M.A., LL.D., F.R.S. 
[Pp. 144.] (London : George Allen & Unwin, Ltd., 1935. 3«. 6d. 

net.) 

A 8TRAKOB medley, little bread to much sack ; yet a book worth 
reviewing, so many questions are raised. In his brief Foreword^ 
Professor Soddy, who stands as a forest giant above the low arboreal 
growth of Oxford, a man who, daring to look abroad, has views 
of his own and expresses them, forcibly urges upon scientific workers 
the need in which they stand of developing a sense of social re¬ 
sponsibility. Certainly, at present, as a body, we are behaving as 
hopeless idiots—allowing the public to believe that science 
means fine writing about the stars and the smashing of atoms, to 
little useful end, whatever the ultimate value may be—no one 
of us making clear how our work has to do with bread and butter. 
A strong feeling of public dissatisf^tion is growing up, even among 
ourselves, that we have in no way made our knowledge felt. It 
is for the public to insist, says Professor Soddy, that it be ruled 
by those who have made knowledge: 

It should require that its universities and learned societies should no 
longer evade their responsibilities and hide under the guise of false humility 
as the hired servants of the world their work has made possible but do that 
for which they are supported in cultured release from routine occupations 
and speak the truth though the heavens fall. 

They wiU have far more to do than speak the truth : they will 
need first to learn what is the truth, often even to deny their faiths. 
The indictment is certainly true of our Royal Society, which seems 
to have lost all sense of social responsibility, having allowed an 
organised bureaucracy, the Department of Industrial and Scientific 
Beimaroh, to take its place, so much so that the two bodies are 
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officered by the same officials : the sacrifice of independence would 
seem to be complete, defeat can no further go. Not only has our 
so-called “ science ” no collective voice—it has not a single voice in 
the councils of the nation. 

To apply Professor Soddy’s solution will be difficult. How an 
ignorant public is to galvanise into social workers a privileged 
class of armchair specialists, reclining in the languorous groves of 
abstract experimental inquiry, is not clear. Perhaps a good begin¬ 
ning could be made, following the lines of a recent Spanish novel. 
The Seven PiUara, by calling in Hjs Satanic Majesty to rid the 
world of sin in the form of Oxford. Over a long period, Oxford 
has been a complete bar to all scientific advance in education, 
being in the hands of a class whose scientific mentality is such that 
it cannot understand the nature of modem progress. As the schools 
are controlled either by Oxford or by men (and women) of the 
Oxford type from Cambridge, our educational system remains so 
prehistoric that it is without relation to present-day needs and 
knowledge; therefore, no foundations are laid. 

The essays are mainly written from a point of view scarcely 
congruent with Professor Soddy’s. Their authors display no great 
anxiety to make themselves useful; most take up the “ What a 
good boy am 1 ” attitude and seem to feel hurt that their wonderful 
superiority is not more recognised and further subsidised. In 
reality, scientific workers have to establish their worth; are the 
majority worth their salt—is the work they are doing likely to be 
of any account ? 

My old friend Sir Daniel Hall—I was able fifty years ago to help 
him to obtain his degree at Oxford—still has the elegant Oxford 
manner and too much of .its timidity. His essay upon Science 
and Agriculture is necessarily interesting, discursive though it be, 
he has so wide and cultured an outlook. Agriculture, however, 
now needs roaring bulls. Taking it together with hie graceful 
Rede Lecture at Cambridge,* we have a fair picture of the Agri¬ 
cultural situation, above all of its overwhelming complexity; yet 
he gives no clear lead. The field of Agriculture must be the great 
world-field of battle in the future—a battle in which the nations 
will all be forced more ana more to engage. Hitherto, we have 
only toyed with its problems, though at the moment we are engaged 
in an already serious skirmish with our Dominions over beef, 
mutton, bread and milk : poor Cinderella may remain at home on 

* The Pace of Progreat. The Rede Lecture, 1936 . By Sir Daniel W»11, 
Cambridge University Press. 
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the farm in rags, for all our oousins care : they would feed us, let¬ 
ting us only work with and be maohines ; as the mother country, 
our place should be under the factory roof, not the free light of the 
heavens. Growing crops is i. minor consideration. How to dis¬ 
tribute and dispose of crops economically, when grown, is our most 
serious problem. We are so commercialised, so capitaUstic, also 
now so mechanised, so obsessed with the idea of always buying in 
the apparently cheapest market, so utterly selfish, by nature, in 
individual outlook—because we have never yet thought of seeking 
to help one another—that at present it is impossible to see the 
wood for the trees. We need a Lawrence to study this new war 
problem, in its economic entirety, to devise tactics which will make 
it possible to meet the numberless irregular attacks to which our 
agriculture is now subjected. To market milk is not enough. Sir 
Daniel Hall sees that ultimately some measure of State organisation 
must be introduced but that to do this, without destro 3 fing the 
individuality of the farming community, will be a difficult task. 
He fears that control will inevitably slow down progress and the 
rate of change. The question is—^what is Progress ? Surely, what 
we need is to make systematic use of our knowledge—^this would 
indeed be progress and should involve no loss of interest nor 
diminution of the sense of responsibility. 

Education alone will solve the problem—^yet we are not making 
the slightest attempt to provide this. Apart from our worthless 
schools, it is doubtful if we have a single effective Agricultural 
College ; most so-called Agricultural Research is of too academic a 
character to be of any prospective, practical value. The Ministries 
of Agriculture and Health are giving no scientific thought to the 
problems; they are not organised to this end. The situation is 
simply farcical. 

Passing to the second essay, that on AvicUion —J. G. Crowther 
talks little short of nonsense in this. Fl 3 ring is probably the greatest 
outse that “ science ” has brought upon mankind, as we shall learn 
if ever we go to war again. To quote his conclusion: 

Long-distanoe aviation has been severely frustrated by the nationalistic 
refusal of governments to allow air.routes to be operated in the most eoo- 
nomioal and effective manner over their territories. Aviation has been frus¬ 
trated by its submission to military needs, by the possessors of real estate, 
by nationalistic governments ; and its influence on human culture has been 
frustrated because it has been developed for the use of soldiers and sportsmen 
and not for the a^ice of the working civilian, whose intellectual and physical 
Isbour creates the most durable human values. Aviation will remain fhis- 
trated as long as it is not conducted primarily to serve the creative classes. 
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Surely this is just—^bunkum! As we can’t get culture into 
ourselTes, let alone our next-door neighbours, flying to our cousins 
in Australia won’t help us. The essay is a good illustration of 
the unbalanced thought and talk in specialist circles to-day. 

J. D. Bernal “ high-fallutes ” on Science and Industry, at greater 
length than any of the other essayists. The wonderful things 
that “ science ” might do, if only it were allowed liberty of action, 
is dwelt upon ad nauseam ; everything, in turn, might be improved 
away by the advances, if only free play were allowed to the worker ; 
evei^hing might be manufactured. 

According to whctVier agriculture was still practised or had been super¬ 
seded, the country itself could be all wild or partly wild but the city could 
come under one roof, a roof which could be transparent glass without any 
visible support. Inside, the woatlier need not be left to the chances of 
nature. It could be provided with all its varit^d cliaracters of wind and 
rain and sunshine, according to what people liked. As people would cer¬ 
tainly like quite different weathers, from tropical to arctic, each section of 
the town could have its own weather. Climatically the town would be 
isolated and all parts of the world would become equally habitable. The 
beginning of such air conditioning has already appeared in the homes and 
resorts of wealthy Americans. 

Those who know what wealthy Americans look like at forty 
and how they enjoy life won’t want their city roofed over and 
conditioned. The real frustration of science the writer has at the 
back of his over-cultured head is the inadequate endowment of his 
class. 

Surely we might shut down the whole of soientiflo Research by 
his class, with the greatest advantage, for a time—^if only we could 
devote ourselves to finding real means of so improving education 
aa to raise the general level of intelligence—incl uding the pro¬ 
fessorial—^to the point of enabling people generally to live up to 
our present state of knowledge and to become betto fitted to live 
together, with some sense of security. Personally, I am prepared 
to see no more crystals measured, no more crystals interpreted by 
X-rays, until this be done. We are spending not a penny 
lively upon education. This way frustration lies—^in no other. 
That the Professor can so talk is proof enough. 

The Invention of Sterility, by Enid Charles, isn’t worth reading 
about and should not have been included. The subject is one 
to be discussed seriously and at length, if at all. In any case, 
there is no frustration of knowledge about it, at present. Every 
chit who writes a novel has something to say on matters sexutd. 
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Bacttrud Warfare, by P. A. Grorer, is a similarly inapt subject 
for open discussion. The public needs useful information to-day, 
not to consider doubtful “ ifs and whens.” Should we ever get 
to the stage of attempting such means of killing, the only course 
will be for the world to rise up in its wrath and exterminate the 
offending nation. We have to remember, however, that in old 
days scurvy was the most effective agent of warfare, if not directly 
recognised as such. The invader cheerfully sat down before a 
fortress and starved it out. 

The final essay by Professor Blackett, under the title. The 
Frustration of Science, at least serves as an explanation of the title 
attached to the volume by the publishers. Professor Blackett tells 
us what all intelligent people know, that a few of us have been 
too clever for the rest—in fact, our “ damned science ” has upset 
the world. His cure would seem to be—Socialism ! He does not 
tell us how the blind are to lead the halt. 

The one essay in the book, to which considered attention should 
be given, is by Professor Mottram, on Medicine, ^his is both prac¬ 
tical and without any frills of a,cademio rhetoric. In courageous 
but sober terras, he pictures the disabilities affecting the practice 
of Medicine, owing to our neglect to use our knowledge. Ho fully 
recognises the great service rendered by the profession but is equally 
aUve to the faulty character of the provision now made not only 
for the initial education of the student but for subsequent extension 
of his knowledge by the practitioner; 

The whole organisation or lack of it of the recruitment of the medical 
profession and the training of ordinary practitioners leaves them scientifioslly 
but half-baked. It would be tolerated in no other profession. 

He deplores the fads and fashions which beset medicine; also 
the exploitation of the field by commerce—especially the issue of 
xpisleading, often scandalous, advertisements. “ While the State 
allows the commercial exploitation, in the form of patent foods and 
medicines, of medical research, that research will frustrated.” 
We have no social conscience in these matters—shopkeepers ever, as 
Napoleon said. Professor Mottram fully recognises that, in future, 
medicine must be mainly preventive rather than curative and that 
success will depend upon the proper use of food. The most glaring 
illustration of our failure to use knowledge is that of diet: 

Medical research has shown that the addition of a pint of milk per day 
to the diet of a growing boy improves the growth rate, the physique, the 
power of resistanoe to diaeaae and the mentality, out of all proportion. 
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ISie production of milk in Great Britain, one of the best fitted in the world 
for dairy produce, ia so badly orgeuiised that there is not one pint per head 
of the {Ktpulation even if we could get it to them. And even if we could get 
it to them, the majority could not afford to pay for it. 

He might well have further called attention to the way in which 
the bread supply of the masses is now controlled by commercial 
combines and is little short of worthless as a nutritive food. This 
is a real frustration of knowledge. 

One asks oneself—To what end does the Ministry of Health 
exist % Why carry on Medical Research, if so little use be made 
of the knowledge gained. In feeding ourselves to-day, we are more 
and more neglecting to use our knowledge—mainly because of the 
crass inability of the medical profession to understand the problems. 
I would give my entire support to Professor Mottram. I can 
speak with some degree of certainty, having begun my career (in 
1870) in a Medical School. More than once, in this Journal, in 
days gone by I have deplored the inadequacy of medical training 
—improved though it be since I began. It will never be satisfac¬ 
tory, until proper foundations of scientific method have been laid 
in the schools and until professional training be divorced from 
Mumbo jumbo and scientifically associated with clinical practice 
from the beginning. To say, as Professor Mottram does, “ that 
the advance of medical research is frustrated in Great Britain to-day 
by the parsimony of the Treasury ” is, I believe, incorrect. Advance 
is retarded by the lack of competent leaders, of competent workers, 
especially by the ultra-academic character of most of the work. 

On the whole, an instructive but disappointing book, owing to 
the narrowness of outlook of the writers. “ Science ” is not frus¬ 
trated. Simply, we have not yet learned to use knowledge, on our 
own behalf. The progress we have made, apart fium that which 
we owe mainly to one man, the great Pasteur, is all but entirely 
the outcome of mechanical invention. Agriculture is where it was 
—“ science ” has but explained its ancient methods and proved 
their efficiency. Schoolmaster-intelligence has been lowered rather 
than improved. Machinery alone has been developed and is more 
and more displacing man. The Press does not help. Nature, for 
example, notwithstanding its motto,^ tends more and more to advo¬ 
cate the mechanical rather than the spiritual. Clommeroe has 
seized upon machinery, this being within the orbit of its special 
and very limited intelligence. We have taken no thoughtfril in- 

^' To the solid ground of nature trusts the Mind that builds for aye * { 
this it has abandoned in the ourrent volume. 
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terest in ourselves. Man is the most difficult of all machines to 
understand : being never a fixed quantity. Still, it were time that 
we began to study him and tried to work him effectively. For 
the time being, I would put a'J academic research aside—excepting 
that directed, firstly to the discovery of rational methods of educa¬ 
tion ; secondly, to an understanding of food and its production ; 
thirdly, to the proper utilisation of our power supplies, the Sun 
in particular in agriculture. 

To avoid misunderstanding, let it be said : there is no desire 
on the part of sensible people to see the scientific worker in the 
place of the politician; their wish is merely that government be 
conducted with knowledge and understanding—scientifically. 

At the moment, as this is written, everything is being done to 
foment the thought of war ; not a word is being said as to our use 
of peace, so-called—that we are at commercial war in every direc¬ 
tion. Germany, behind the scenes, is quietly but steadily organising 
her forces to social ends : her steel output went up by nearly 60 
per cent, last year ; she is drilling her youth into obedience. Japan 
is methodically arming herself industrially for a great Western 
attack. We remain the gullible nation that we ever were—although 
the most level-headed and unemotional on the face of the earth. 
We will not use our intelligence on our own behalf. We are allowing 
our youth of both sexes to grow up with the cigarette as an appen¬ 
dix ; content to spend its leisure in the picture palace and in gladia¬ 
torial contests upon the roads : even a Lawrence, a highly vaunted 
leader, is overcome by the mamia of speed and is killed ; the art of 
education is nowhere considered. Is this “ Science Progress ” ! 
What does it all 'mean ? While head-hunting is going out in the 
Solomon Isles, Mr. Eden & Co. would seem to be contemplating its 
retium to Europe. Are no triumphs to be won by improving the 
uses of peace 1 On Saturday, May 26, I was present, when my 
brother-in-law was buried from Hodeslea, Eastbourne, the house 
Huxley built for himself on his retirement, whence he issued his 
anti-oWioal fulminations and other essays, over forty years ago 
—a great self-erected monument. I bethought me what his 
blazing wrath would bo to-day at our ever-continued neglect to 
organise for social ends. Are men such as Carlyle, Ruskin, Charles 
Kingsley and he never again to arise among us ? Is the scientific 
ffatemity ever to remain without thought of self-improvement— 
merely content to provide means for man’s self-destruotion ? Only 
Russia seems to have thought the ** research ” worth entering upon 
with forethought. 
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MATHEMATICS 

Solid Geometry. By L. Lines, M.A., B.Sc. [Pp. xx + 292, with 160 
figures.] (London : Macmillan & Co., Ltd., 1936. 6^.) 

The scope of this book is best indicated by the titles of the various chapters. 
The first seventy pages deal with the elementary geometry of parallels, 
perpendiculars and solid angles and are followed by chapters on surface 
areas and voltimes, centroids, rabatments, polyhedra, semi-regular and star 
polyhedra, speuse-lattices, sphere-packs, pattema and crystals. 

To judge by its contents, the book will be of most value to students of 
crystallography, for whom it should form a good introduction to the subject. 
The preface states that the book “ is intended primarily for the use of pupils 
preparing for one of the Higher School Certificate examinations.’* It would 
have been better if the author had told us the main subject of examination. 
As far as mathematics, physics and chemistry go (the reviewer is not familiar 
with the requirements of mineralogy), not much beyond the first half of the 
book will be needed for the H.S.C. 

So far as the book is addressed to mathematicians, some grounds for 
criticism are as foUows. The author evidently sets himself a fair standard 
of rigour, as shown by his use of the limit concept. Some of the definitions 
might then have been framed with more care or else an explicit acceptance 
of intuition been made. For example, the definition of a surface as ** a 
boundary separating one portion of space from a neighbouring portion ” is 
unsatisfactory to anyone at all familiar with space-structure. That the 
truth of Desargues’s i>or8pective tricmgle theorem in three dimensions should 
be thought to infer “ as a limiting case ’* the truth of the theorem in a plane 
win not do. The definition of magnitude of a figure (€.g. area* volume) 
relative to the concept of ** element ” needs to be made clearer so that the 
same magnitude will result from any mode of specifying the elements. 

Much ground is covered although the book is not large, and this is achieved 
by conciseness of argument. There is an elaborate notation classifying 
the theorems, worked and ordinary examples. At the end thea« are a set 
of H.S.C. questions (apparently none on the later part of the book) a nd a 
section giving answers and hints to all the problems, which are numerous 
and not very difficult. The printing is well done and a special fc»ature of tbs 
book is an abtmdance of clear and helpful diagrams. 

J. W. A, 
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An Xntroduotiim to Atomic Physios. By John Thomson* M.A., 
D.So. [Pp. ix 4* 228* with 4 plates and 36 figures.] (London: 
Methuen & Co., Ltd., 1985. 10s. 6d. not.) 

•* Th® eim of this book,** writes the author, “ is to provide students with a 
oonoise logical account of the fundamental facts and theories of atomic 
physics.** To the present reviewer it appears rather that the student has 
been furnished with a formal presentation of theories and on abstract dis¬ 
cussion of the principles involved in a certain number of fundamental experi¬ 
ments, without even the illusion of examining for himself the facts—^not 
infrequently difficult of mutual reconciliation—^which these experiments 
provide. For there has been a rigid censorship of data : “ the purpose of 
introducing each now fact . . . being to strengthen . . . the chain of 
reasoning —so much is openly admitted. It is obvious that the chief 
concern has been for the logical neatness of the account. 

. Yet all this is not to criticise the theoretical portions of the book : these 
the student will find clearly and concisely developed, and for those whose 
knowledge of the experiments is fairly wide it will be convenient to have the 
relevant theory gathered together within a reasonable compass. But they 
must definitely turn elsewhere for further information concerning methods 
of experimenting and the data obtained. 

Unfortunately for accuracy those data which are included are sometimes 
misleckling, or wholly erroneous. Thus the discovery of He* is regarded as 
accomplished fact (p. 28), the disintegration of boron by a-particles is wrongly 
represented by equation 6, p. 39 (the disint/Cgration of beryllium by protons, 
after equation 3, p. 39, has yet to be established), a completely impossible 
transformation scheme (p. 194) shows the derivation of protoactinium through 
uranium Y (emifision of a ^-particle increases the mass mnnber by one unit); 
it is stated that ionium is the one rodioelement for which the half value period 
is not knoMrn (p. 195) and the Qeiger-Nuttall relation is incorrectly stated 
(equation 6, p. 200). A footnote (p. 39), “ According to the latest theory, 
the neutron is the elementary massive particle, and the proton is complex,** 
appears as an ill-advised amendment to the text, whilst the statement ** the 
atomic numbers of the isotopes of copper are 63 and 65 '* (p. 33) is, to say the 
least, unfortunate. 

Finally, be it recorded without criticism, certain variants of spelling and 
vocabulary occur which are not to be found in the Oaeford English Didumary 
—or, if found, then witli usage indicated os “ Scotland only.** 

N. F. 

IMLagnatiam and Matter. By E. C. Stonbh, Ph.D. [Pp. xvi 4- 575, 
with 87 figures.] (London : Methuen A Co., Ltd., 1934. 2Is. net.) 

Since the author wrote his first book entitled McigneHem and Atomic Structure 
some eight years ago, such revolutionary changes in our outlook on magnetic 
problems have taken place that MagnetUm and Matter is almost an entirely 
new work. It is of signal importance both to teachers and students, os, firstly, 
it provides a valuable outline and guide to the literature of modem experi¬ 
mental methcKis for the detennination of magnetic susceptibilities, and, 
while this outline may be considered not over-critical or complete, it serves 
its purpose. Secondly, the main purpose of the book lies in the description 
of modem ideas on the theory of magnetism in such a way that a non-specialist 

AA 
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i^kader can hope to gain a considerable knowledge of the subject. How often 
does one hear the phrase “ Utterly unintelligible ” applied to a learned mathe* 
matioal-physioal treatise by persons who are by no means without honour 
in the realm of physics ? That phrase cannot be applied to this book. It 
is most definitely an intelligible and readable book, for Stoner takes the 
extraordineuy welter of information which constitutes the basic facts of 
experimental magnetism, and he shows in what way they are explained by 
m^em theory ; his role is essentially that of an interpreter. 

At the present time the worker in magnetism must be fully prepared to 
acquire the jargon of modem spectroscopy. To understand the modem 
treatment of diamagnetism he must know something about the evaluation of 
screening constants ; to understand paramagnetism he must be fully con¬ 
versant with the significance of wide and narrow multiplets. All these 
matters are discussed by Stoner in an illuminating manner, but in no branch 
of the subject is the author’s power of exposition more valuable than in ferro¬ 
magnetism. Here he is able to present a quantum theory discussion which 
is quite adequate for the large majority of readers. He also gives a sufficient 
description of the work in very strong magnetic fields, and concludes his 
book with a chapter on metals and alloys, which, useful as it is, one hopes 
he will enlarge in a future edition—or in a future new work, if the present 
rate of progress is maintained I 

This is most definitely a book to bo purchased and read. It is most 
heartily recommended. 

L. F. B. 


The Diffraction of X^-Raya and Electrons by Amorphotis Solids, 
Liquids, and Gases. By J. T. Randall, M.So. [Pp. xii + 290, 
with frontispiece and 107 figures, including 30 plates.] (London : 
Chapman & Hall, Ltd., 1034. 21«. net.) 

It would not be correct to say that this book fills a long-felt want, because 
the need, although there, had neither been felt nor was it capable of being 
filled. But now the time has come, and the book is of very great value, 
because it shows what has been done in extending our knowledge of the 
structure of solids to that of liquids, by indicating the gaps yet to be filled 
and the methods by which they will be filled. After an outline of the theory 
of difh'aotion of X-rays by minute crystals and the elementary principles of 
X-ray crystallography, the diffraction of X-rays and electrons by gases and 
vapours follows. The next part deals with liquids, and later sections deal 
with gases and ** amorphous solids, organic fibres and surface structure. 
The last chapter discusses the transition solid-liquid with special reference to 
liquid crystals. 

The book is an admirable survey of the field and is to be recommended to 
research workers particularly. It is excellently illustrated. 

A. S. C. L. 


Introduction to Atomic Spectra. By H. E. Waira, Ph.D. Inter* 
national Series in Physics. [Pp. xii -f 467, with 261 figures,] (New 
York and London: McGraw-Hill Publishing Co., Ltd., 1934. 30s* 
net.) 

Although there are several well-known text-books in English which devote a 
considerable part of their i^aoe to spectroscopy, there is no oompletely special- 
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i«©d treatie© available, with the exception of Pauling and Goudamit's “ Struc¬ 
ture of Line Spectra ** and one or two lesser works. There was therefore an 
undoubted need for a really comprehensive and up-to-date eiccount of the 
subject, and it can be said at once that that need is admirably met by the 
volume under review. Dr. Whit© is well known as on© of the lecKiing research 
workers in the field of atomic spectra, so that one is entitled to expect from 
him an informing and authoritative treatment of his theme. Such expecta¬ 
tions are amply fulfilled. In fact, the quality of his achievement is such as 
will arouse real enthusiasm in those who ore in a position to appraise it. 

Two outstanding virtues may be mentioned. First, the moth^ whereby 
the wav©-mechanics theory is approached and illuminated by means of the 
earlier quantum conceptions. It may be longer and less satisfactory logi¬ 
cally than the direct approach, but most students will find it an easier road 
to travel. Secondly, the numerous reproductions of actual spectra which 
are included. After all, those do represent the foundations of the whole 
edifice of ejKJctroscopic knowledge, yet how seldom doe« on© get a glimpse 
of them in the average text-book, apart perhaps from the traditional print 
of the Balmer series. They must have cost the author a groat deal of trouble, 
since most have been specially photographed, but the trouble was well worth 
taking. The “ pictures are undoubtedly one of the most valuable features 
of the book. These, together with a generous provision of diagrams and 
numerical data, securely anchor the ship of theory to the rock bottom of 
fact, and will render the book invaluable to theoretician and experimentalist 
alike. 

It is unnecessary to detail the contents, since practically the whole field 
of pure atomic spectroscopy is covered, but on© chapter, that on hyperfine 
structure, merits special mention as constituting the best account of the 
subject which is to be found anywhere. 

The volume is admirably produced and misprints are extremely few. 
On p. 3 the H and K lines of Ca*** are referred to as the H lines, and a pseudo¬ 
compensation is attempted by labelling them both K in the reproduction of 
Howland's map immediately below. On p. 67 there is an obvious error in 
the value of the reduced mass of the electron, but no other blemishes of even 
this degree of triviality have betm detected. It is safe to predict that 
** Whit© ’* will take its place immediately as the standard text-book of line- 
speotrosoopy, and it is a pleasant duty to offer thanks to the author and con¬ 
gratulations to the publishers on this addition to a notable series, since it 
cannot fail to enhance the already high reputation enjoyed by the lat^. 

W. E. C. 

Appliad Acoustics. By Harxy F. Olson, E.E., Ph.D., and Fkank 
Massa, B.S., M.Sc. [Pp. xiv -f- 430, with 228 figures.] (Philadel¬ 
phia : P. Blakiston*8 Son & Co., Ino., 1934. $4.50.) 

While the work of Rayleigh is still the classical reference for almost all 
fundamental problems in acoustics yet the thermionic valve has opened up 
such entirely new practical possibilities that extensions of this classical 
theory have become inevitable. 

Such extensions as have been made are for the most part to be found 
only in scattered journals. But improvement in laboratory equipment and 
technique has resulted in great strides in applied acoustics, and in order 
that intelligent and productive research may be stimulated it is essential 
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that the underlying theory be made available in book form. Such are the 
oouBiderations that have prompted the writing of this book. 

With such an end in view the authors have wisely refused to water down 
their introductory treatment in the vain attempt of making it capable of 
assimilation by those of poor physical equipment or of weak mathematical 
digestion. The presentation presupposes a familiarity with the principles 
of elementary physics and a knowledge of electric circuit theory. And a 
development of the fimdamental thro^^-dimonsional wave equations of hydro¬ 
dynamics precedes a consideration of their implications and limitations in 
simpler problems. A complete mastery of tliis funtlamontal mathematical 
theory is not, however, essential in order to derive benefit from succeeding 
material. The subject matU»r relating to applied acoustics is introduced by 
a consideration of the analogues between electrical, mocluinical and acoustical 
systems, so that physical and mathematical treatment go hand in hand. 

The range of the book is wide and the treatment thorougli. MierophoncMSi, 
telephone receivers, loud speakers are dealt with seriatim and in considerable 
detail both as to their constructions and underlying i)rinciploH and also from 
the point of view of calibration and testing. In the cas^^ of microphones some 
account is given of the authors’ own work on the pressiue gratlitmt ribbon 
type of instriuneni. 

There are useful sections on Architectural Acousticjs, Noise Measurement* 
and Physiological A<?oustic«. 

The Book is well printed and illuHirated, and can b(> confidently recom¬ 
mended as accomplishing what it sets out to do, t>iz, to show the relation of 
modem developments and problems in applied acoustics to the fundamental 
theory of dynamical systems. 

G. A. Sutherland. 

Lighting Calculations. By H. H. Hiobje. fPp. xii -h 603, with 116 
figures.] (New York : John Wiley «& Sons, InC. ; London : Chap¬ 
man & Hall, Ltd., 1934. 31s. not.) 

This volume is a very welcome addition to the literature of illuminating 
engineering. Each of the ten cliapters is devoted to one of the different 
branches of the subject, c.g, the calculation of direct illumination from point 
sources, the calculation of average illumination by means of utilisation 
coefficients, the economics of light production by various sources, etc., etc. 
In each chapter the author first sots out the general principles and shows 
how tho relevant formulae are derived ; ho then illustrates his treatment by 
means of a number of fully worked examples ; finally he gives an extensive 
series of problems in tho solution of which tlio student learns how to apply 
the knowledge he has acquired from reading the text and studying the 
examples. Many of tho problems are based on statements made either in 
books or in published papers written by illuminating engineers. For instance, 
one of the problems given in Chapter IV (Brightness) is stated as follows: 

“ Trotter, in his Illumination, 1911, p. 23, gives the brightness of the sun as 
800,000 candles per square inch, and the moon as 2 in the some units. From 
data on sizes and distances that you con find in any encyclop®dia or text¬ 
book on astronomy, calculate what must bo the mean reflection laotoir of 
the moon’s surface, neglecting corrections for liglit absorption in the earth’s 
atmosphere.” There is no doubt that the book will receive a warm welcome^ 
not only from those responsible for courses of instruction in iUuminating 
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engineering, but also from individual students. In future editions the space 
devoted to street lighting and similar 04 ilculations might well be extended, 
but apart from this the book is well balanced. The proof-reading has evi¬ 
dently been done with great care and there is a good index. 

J. W. T. W. 

Torsional Vibration. By W. A. Tuplin, M.8c. [Pp. xviii -f 320, with 
89 figures.I (London : Chapman & Hall. Ltd., 1934. 21s. net.) 

ALTHOuaH the internal-corn bust ion engine is now generally accepted as a 
familiar charactc^ristiti of the times in which we live, th(^ difficulties associated 
with its vibrations are less generally appreciat'd. Commonly enough, it is 
assumed that those difficulties have been overcome in the march of 
progress, and may bo forgotten with “ last year’s model.” In fact, however, 
the same difficulties remain as potent as over, sotting limits to progress in 
design and to safety in operation ; and although they may bo evaded with 
skill and expf^rience, they can rawer be wholly oUminattHl. 

Torsional vibration in particular remains a problem of special practical 
importance, being nwponsible for certain ” critical ” speeds at which engines 
run ” roughly ” or, more commonly, cannot be run withotit immediate 
danger; and it is remarkable also for another important characteristic—it 
Umds itself to clear mathematical present.ation. Not only on account of its 
intrinsic importance to mechanical engineers engaged in design, but also as 
a logical subject of interest to the greater number of engineers conconied with 
the nmning of engines of all kinds, it is well suited for inclusion in the courses 
of study of technical colleges. 

Mr. Tuplin’s volume can be recommended to all who propose to study 
torsional vibration in internal-combustion or other engines. The treatment 
is clear and readable, and is developed in a simple mathematical manner 
that is well within the scope of students likely to take up the subject. The 
opening chapter of thirty pages gives on excellent revision of natural and 
forced vibrations with and without damping in the simplest of oases; and 
later chapters are devoted to other oases more representative of practical 
examples. Chapter 9 on harmonic analysis leads to the study of forced vibra¬ 
tions in multi-crank engines—which is well developed with numerous exam¬ 
ples to illustrate the relative importance of major and minor critical speeds. 
Chapter 13 deals with vibration dampers, and other chapters with special 
couplincrs and with the torsiograph. Throughout the work, the author 
relies on the principle of reducing complex systems to simpler combinations 
of flywheels with mmeikm shafts, except in one chapter only where the mass 
is treated as distributed along a ** heavy ” shaft. It stjems perhaps a little 
r^arkable that the excellent alternative method in which the masses of 
cranks are regarded as distributed is not more generally employed; but it 
is believed that the author’s treatment is probably more acceptable to a large 
number of readers. 

The book is well suited to the needs of students who wish to make a care¬ 
ful logical study of a branch of engineering of great practical importance, 
and the numerical examples are presented in detail in a manner that will 
assist those engaged in practice. 


B. P. H. 
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Radio round the World. By A. W. Haslbtt. fPp. vii + 196, with 
7 plates and 22 figures.] (Cambridge : at the University Press, 1934. 
tie. net.) 

Dubino the past decade numerous books on radio have boon published, but 
nearly all have dealt with the design, construction or operation of trans¬ 
mitting or receiving stations. These matters are not mentioned in the 
volume under review ; instead the author gives a clear and concise account 
of other aspects of radio communication which are equally interesting. 

The first half of the book is devoted to a general account of the properties 
of electromagnetic waves and the propagation of radio waves through space. 
The chapters dealing with the discovery and investigation of the Heaviside 
and Appleton Layers are particularly clear and up to date. A good account 
is also given of the correlation found to exist between sunspot-activity, 
magnetic storms and atmospherics. 

The remainder of the book contains chapters devoted respectively to 
the properties and possibilities of ultra-short- and micro-waves, to tele¬ 
vision and to the uses of radio in medicine, war, weather forecasting and 
direction-finding. The treatment throughout is non-mathematical and the 
book can be strongly recommended to all who require an accurate account 
of these fascinating branches of the subject. 

c. w. o. 

Automatic Protection of A.C. Circuits. By G. W. Stubbinqs, B.Sc., 
F.Inst.P., A.M.I.E.E. [Pp. viii + 293, with 209 figures.] (London : 
Chapman & Hall, Ltd., 1934. 15«. net.) 

The book may be regarded as dealing with three main divisions of the sub¬ 
ject, namely, the principles imdorlying automatic protective apparatus, 
the application of these principles to practical protective systems, and the 
testing and maintenance of protective apparatus. 

The first division gives on excellent account of the theory of proteptive 
apparatus and the treatment and diagrams should certcunly enable the 
student of this subject to obtain a clear understanding of it. With reference 
to Fig. 53, a point that should be corrected in the next edition is that under 
the condition of a fault between two phases of the protected feeder the 
resultant secondary voltage is the sum of the two secondary voltages con¬ 
cerned, which are in phase opposition and are not displaced 120® as stated 
in the explanation of the figure. 

The subject matter dealt with in what has been referred to as the second 
division of the book is naturally more controversial, because it includes 
points that depend upon the practical operation in service of various pro¬ 
tective systems installed by different manufacturers. In some cases names of 
firms have been given when describing apparatus manufactured by them, 
whereas in other oases the names have been omitted ; a more uniform treat¬ 
ment would have been preferable. Further, the omission of the names under 
which certain protective systems are universally known and the substitution 
of theoretical names makes it difficult for the practical engineer to recognise 
easily the systems with which he is familiar. For example, the protcwstive 
systems illustrated in Figs. 164 and 167 are known as the “Mem-Beard” 
and “ McColl-Bias “ systems respectively. The book describes briefiy and 
in an interesting manner many protective systems in everyday use ; obviouudy 
many systems had to be excluded or dealt with peremptorily on account of 



EDVIEWS 


359 

space limitation but> notwithstanding this, certain modem protective ssnitems 
might with advantage have been included or treated more fully, and the 
** Interlock ** and “ ]^tio-Balance ** systems used on the British Grid come 
within this category. Further, the description of the “ Split-Pilot ** system 
shown in Fig. 169 omits any reference to its important feature of electrical 
tuning, and this is also omitted in the subject matter imder the paragraph 
heading “Tuned Relays’* on page 167, Incidentally, Fig. 117 illustrates 
what is known in America as a “ Ratio'DifTerential ’’ relay, and the reference 
in the title to “ Ratio-Balance “ is an error which may easily confuse the 
student who is not familiar with the actual “ Ratio-Balance “ protective 
system. 

The subject matter in the third division is a useful compilation of methods 
for testing and maintaining protective apparatus. 

The book presumably has been written for the student who wishes to 
make himself familiar with the theory of automatic protective apparatus 
rather than for the practical protective gear engineer who is more paitieulorly 
interested in protective S 3 mtems and their rating. The author has been 
successful in achieving the aforementioned object, whilst the practical 
engineer will also obtain useful information from the book, particularly from 
the chapter on Testing and Maintenance. 

B. H. L. 


CHEMISTRY 

Tha Ideas o! Physical Chemistry. By H. McKay, B.Sc., andH. A.C. 

McKay. [Pp. x -f 301, with 8 plates and 87 figures.] (London ; 

William Heinemonn, Ltd., 1934. 7s. 6d. not.) 

This book forms an excellent introduction to the recent developments in 
physical chemistry. Its aim is to present the modem theories of the subject 
in language that a layman can understand. This the authors make a valiant 
attempt to do, and they are to be congratulated upon the measure of success 
they have attained. The style is simple, technicalities are avoided, and the 
book is absorbingly interesting. It is doubtful, however, whether the aim 
can possibly be fulfilled in a book of three hundred pages. A certain amoimt 
of physical and chemical knowledge on the part of the reader must be assumed. 
The book will therefore find its greatest use amongst those who have lost 
touch with the development of physical chemistry, those students of chem¬ 
istry who wish to prepare themselves for a more advanced study of the 
subject, and those students of other sciences who require a working know¬ 
ledge of the basis of chemistry. 

Among the topics dealt with are the structure of the atom, leeuiing up 
to the various t 3 q) 6 s of chemical linkage, and their explanation on the theory 
of wave mechanics; molecular structure, reaction velocity, catalysis, elec¬ 
trolytes, and colloids. There is a useful vocabulary of chemical terms. A 
brief account of the work of Svedberg on the molecular weights of proteins 
might liave been given in the chapter on “Giant Molecules,” or possibly 
when dealing with colloids. 

The book must not be regarded as a text-book. If it is true to its aim 
it is bound to be somewhat too superficial for that; but to anyone who reads 
it, whether he be layman or student, it will most certainly prove a stimulant 
to Ibrther study. 


A. J. M. 
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Colloidal Elootrolytos : A gonwal Diocuaslon hold hy Tho Faraday 
Sooiotyi Soptembor, 1934. [Pp. iv 4* 421, with frontispiece and 
numerous figures.] (London : Gurney & Jackson for tho Society, 
1936. IHs. 6d, net.) 

This volume, reprinted from The Transactiona of the Faraday Society, com¬ 
prises the papers and discussion of the Third Colloid meeting arranged by 
the Colloid Conamitteo of the Faraday Socit^ty. 

In the opening address, Froundlich points out that the term eoHoidal 
electrolyte is a general one and refers to colloidal systems which exliibit 
Tyndall scattering, dialysis, etc., but which also possess a well defined elec¬ 
trical conductivity. To the soaps~the classical example of colloidal elec¬ 
trolytes—^may therefore be added long chain sulphonic acids and amino 
compounds, dyestufiGs containing SOjH and NH, groups, proteins, salvarsans, 
certain starch compounds and even silicatt^s and silicic acid. Such a variety 
of substances implies a wide field, with the result that no less than thirty-six 
papers were contributed to the discussion. 

The first part of tho discussion is devoted to theory and hero there are 
accoimts of the application of the Debye-Huckel theory, the molar (micellar) 
mass, electrovalency of ions and osmotic pressure of colloidal electrolytes 
and the application of Gibbs’s equations to protein systems. This is followed 
by a very short section on experimental technique. 

In view of the great ijaiportance of colloidal electrolytes in technology, 
much of the discussion deals with soaps, dyes and proteins. It is, however, 
too detailed to mention more specifically in this review. 

In so far as the general reader is concerned, there are no convenient sum¬ 
marising introductions to the separate parts, no doubt owing to the nature 
of the subject, but which are, none the less, a most valuable feature of many 
Faraday Society discussions. The book will therefore appeal more particu¬ 
larly to those directly interested in the field of colloidal electrolytes. 

It would be an improvement if the volume were bound in somewhat 
stiffer covers. 

H. W. Mblvxxjjb. 


Cbemischa Stofferklftrung. By Dr. W. Tombbook. Translated from 
the Dutch into Gorman by Dr. J. GaossFEnD. [Fp. 30, with 13 
figures.] (Leipzig ; Otto Hillmann, 1934. RM. L) 

Thb author of this essay regards the Bohr theory of the atom as illogical 
and irrational, and proposes to replace it by a theory in which the properties 
of the elementary particles are in no way different from those of matter in 
bulk. The elementary particles are protons, electrons, and ether atoms. 
The ether is regarded as a gas, made up of atoms, smaller than the electron, 
moving at great speed. Protons are ether cyclones. Using these asmunp* 
tions, the author explains weight, which is due to ether pressure, the duid 
nature of light, the electric field, tho periodic system, and the structure of 
the atom. The atom does not consist of a planetary system, but is steric. 

To the reviewer, the assumptions of the Bohr theory are considerably 
more palatable than those of Dr. Tombrook. Although the author 
that it is logical to assume the existence of ether particles, one finds this more 
difficult to believe than the theory of stationary states. Moreover, judging 
only from a reading of this essay, the theory of Dr. Tombrock would be 
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incapable of giving the many quantitative results wliich have gone so far to 
impress soientists with Bohr*s theory. 

A. J. M. 

Chemical Engineering Plant Deaign. By F. C. Vilbbandt, Ph.D. 
Chemical Engineering Series. [Pp. x -f 341, with 63 illustrations* 
including diagrams and flow-shoots.] (London and New York: 
McGraw-Hill Publishing Co., LUi., 1934. 24«. net.) 

This book, which relates to plant design as distinguished from equipment 
design, should be particularly welcome to advanced students of chemical 
engineering, for whom it is primarily intended. It gives clearly and in con¬ 
siderable detail an outline of the basic principles which underlie and govern 
the development of a process from the laboratory stage, through the pilot 
plant stages, to the commercial unit, together with the economic considera¬ 
tions involved, due emphasis being laid upon costing as an all-important 
factor in plant design. The fact that the purely production side forms but 
a part of the brganisation of a manufacturing concern is sometimes insuffi¬ 
ciently realised by those immersed in laboratory and process details, with 
the result that the need for an intelligent appreciation of the many other 
factors involved is frequently overlooked. To such persons also the book 
should prove of groat ^nefit, as well as to thost^ occupying administrative 
and c^xecutive positions in the chi^mical industry who lack a chemical engin¬ 
eering education. 

The author’s main object is to indicate how the relevant data may be 
correlated to form a workable basis for the design of plant for the production 
of a chemical commtKiity in a commercially feasible manner. In addition 
to such t<3chnical matters as flow of material and energy, plant location, 
foundations, wastt^ disposal, selection and specification of equipment, indus¬ 
trial buildings, and plant layout and assembly, considerable space is devoted 
to pre-construction cost accounting. Consideration is also given to such 
general economic factors as market survey, finance, etc., as well as to health, 
safety and legal factors. Sound advice is offered in connection with the 
preparation of working drawings wliich the novice, as well as those more 
experienced in design, would do well to remember. The appendices include 
some useful physical data and conversion tables, and references have been 
provided as a guide for collateral reading. 

Despite the general treatment of the subject, the book covers a wide and 
useful ffeld, and may be recommended as an excellent companion volume 
to those which deal more speciffoally with actual unit operations and processes 
employetl in the chemical industry. 

H. W. Cbbhxr. 


GEOLOGY 

Thm Uhmnjgixig World of Uui loo Ago, By Rbgikald Auiworth 
DaIiY. [Pp. xix -f 271, with 149 ffgures, including 8 plates, and 29 
tables.] (Now Haven i Yale University Press ; London i Humphrey 
Milford, 1984. 28s, 6d. net.) 

In this important addition to glacial literature tliat should be in the hands 
of all geologiats and aoientiiioally minded la 5 mien Professor Daly preaenta 
his Yale University Silliman Memorial Lectures of 1934 in an expanded form. 
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The book is profusely illustrated, and with its valuable maps and tables 
usefully summarises much of our present knowledge of ice-caps past and 
present and of the late glacial events in North America and Europe, including 
the kaleidoscopic succession of lakes and seas which came into existence 
in these regions on the molting of the ice. The book deals chiefly with the 
eflfeots of the Pleistocene glaciation and deglaciation upon sea-level all over 
the world and with the behaviour of the crust on the imposition and the dis¬ 
solution of the ice. Professor Daly modifies and amplifles his earlier views in 
certain important respects. He rejilaces, for example, the “ bulge or wave ” 
movements due to viscous flow at shallow depth by a new “ punching hypo¬ 
thesis/’ according to which the flow at a depth of c. 1200 kilometres was 
linked with shearing stresses in the crust and a punching of this down or up 
along a sheath of circumferential fractures coincident with the well-known 
“ hinge-lines/’ He also seeks to explain the alleged world-wide sinking of 
the sea-level in recent times not by a growth of the polar ice-masses as previ¬ 
ously assumed, but by a belated, plastic adjustment of the earth’s body, 
caused by the weight of the water piled up on the suboceanic crust when 
the last ice melted. He restates his “ glacial control theory ” and corrects 
certain misrepresentations of it made by the late Professor W. M. Davis, but 
approaches the views of his critics by granting that the chilling of the tropical 
seas was too small to have had any effect on the coral growth. Professor 
Daly’s more speculative views, based upon close inductive reasoning, are 
both stimulating and suggestive. They are, however, not always convinc¬ 
ing, and, while likely to be provocative of much fruitful discussion, will 
probably have to be abandoned or considerably modified. 

J. K. C. 


Structural Geology. With Special Reference to Economic Deposits. 
By B. Stoces and C. H. White. (Pp. xv -f 460, with frontispiece 
and 663 figures.] (London : Macmillan & Co., Ltd., 1936. 26s. net.) 

This excellent work is an elaboration of a book by Dr. Stores which has 
already been published in Czech and German. Dr. Sto5e8 is Professor of 
Geology in the Czechoslovakian School of Mines and is an authority on ore- 
deposits and engineering geology. Dr. C. H. White, the eminent American 
mining geologist, has re-written Dr. Stokes’s book, thus making it available 
for English-speaking geologists and in doing so has rearranged and greatly 
expanded its contents. 

The main emphasis is naturally on geological structure with particular 
reference to the occurrence, arrangement and methods of exploitation of 
valuable mineral deposits. All aspects of economic geology, including not 
only metalliferous deposits but also coal, oil, water, and problems of mining, 
quarrying and tunnelling which are dependent for their solution on the study 
of rock-structiues, have thus been illumined. 

The text is divided into two parts dealing respectively with the primary 
structures of rocks (sedimentary and igneous rock structures), and induced or 
secondary structures due to orogenic movements of the earth’s crust. Under 
the latter heading folding, faulting, joints and unconformities are dealt with. 
There are also good sections on surveying and mapping, on geophysical 
methods of prospecting for minerals and on the influence of stnidture in 
mining practice. 
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A notable feature of the book is the number, exoellonce and unhackneyed 
character of the illustrations* The great majority of the figures are drawn 
from Csceohoslovakian sources although there are not a few of the beautiful 
Geological Survey photographs from Great Britain ; and thus geological 
maps, sections and photographs of geological features from a country hitherto 
unfamiliar to British and American workers have been brought into general 
circulation, and have made available to teachers and students of economic 
geology' some novel material. 

A few misprints and mistakes have been noted. “ Haug ’’ is misspelt 
“ Haugh ’* (p. xi); “ Gleam Einich ** (Fig. 101) should be “ Gleann Einich ; 
in Fig. 45 the conventional stratigraphical and lithological signs have been 
disregarded and conglomerate is represented by the ornament cxjmmonly 
useil for limestone ; and in Fig. 125 the series of basalt flows,'* Dickson 
Bay, Spitsbergen, are almost certainly sediments. 

This book may be warmly commended to both teachers and students 
of applied geology. 

G. W. T. 


BOTANY 

An Index to the Genera and Species of the Diatomaceas and their 
Synonyma. Parts XVI, XVII, XVIII, XIX, XX and XXI, 
1934h-5. Compiled by F. W. Mills, F.L.S., F.R.M.S. (Pp. 1162- 
1726.] (London : W’beldon & Wesley, Ltd., 1934-36. 10s. each.) 

It is gratifying to find that the later parts of Mills' Index are practically free 
from the numerous typing errors that occurred in the first part issued. This 
decided improvement enables one to form a juster estimate of the enormous 
task that the author has undertaken and of the immense value of his com* 
pilation to all who are concerned with Diatoms. Mr. Mills has successfully 
accomplished a very difficult piece of work and one which will rank as a 
very definite contribution to the advancement of science. From this point 
of view one cannot but regret that the work is not printed, since the rather 
feeble reproduction of certain pages leaves one in doubt as to the degree of 
permanence of the copy. 

The parts under review complete the genus Navicula and, apart from a 
number of smaller genera, include NUzBehia, Pinnularia, Plemosigma^ 
PhizoBolenia^ Stauroneis, JSurireUa, Synedra and Triceratium, The final part 
contains some supplementary matter. 

F. E. FarracK. 

Everyday Botany. By L. J. F. Briicble, B.So. (I.iondon and Beading). 
[Pp. viii + 589, with 340 figures.] (London : Macmillan A Co., 
Ltd., 1934. 7s. 6d.) 

Affliud SoiBNCfa has its origin in great part in pure science and owes much 
to it, but pure soienoe also stands to gain from applied science. As Mr. 
Brimble very truly remarks the applications of Botany, although very 
important, meat with scant treatment in most elementary text*books of 
the subject, being at the most concerned with a few horticultural processes ; 
while, especially of recent years, text^books on elementary chemistry and 
lihysics give a considerable amount of space to the applications of these 
sciences. 
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Our author seeks to provide an elementary work which stresses the 
applied sides of the subject and also introduces a certain amount of human 
interest in another way by touching lightly on its historical aspects. The 
result is certain to prove of interest and especially to the type of student who 
is often repelled by a study of its purely academic aspects. The book seems 
to attempt a higher stcmdard than the author olaims for it, Tlie illustrations 
are numerous, and with few exceptions suitable to the text. The meaning 
of Figure 70 on p. 96 is not clear and a few illustrations have a little too much 
detail and shading for the scale on which they are reproducetl, e.g, the Prim¬ 
rose on p. 391. The marram loaf should close upwards not downwards as 
suggested on p. 243. The history of the subject could obviously not have 
been treated in detail, and this loads at times to a slightly wrong perspective. 
The appendix, consisting of a list of well-known scientists, scarcely seems a 
useful or desirable thing for students. Suggestions for practical and field 
work are appended to the chapters. The book is a very interesting one and 
can be strongly recommended. 

E. M, C. 


The Genetics of Garden Plants. By M. B. Crank, Pomologist, and 
W. J. C. Lawrknck, Curat/or, the Jolm Innes Horticultural Institu¬ 
tion, Merton. With a Foreword by Sir Danikl Haxx, LL J)., 

D.Sc., F.R.S. [Pp. xvi -f 236, with 53 figures and 42 tables.] (Lon¬ 
don : Macmillan & Co„ Ltd., 1934. 10s. 6d. net.) 

As stated in the preface to this book the authors* aim is twofold—“ to give 
an introduction to the essential principles of genetics and cytology and 
to give an account of recent results in relation to horticulture.” Ihe first 
project, in any cewio not an easy one, is hero made difficult by the oonden« 
sation necessitated by the space at their disposal and also by the wide circle 
of readers aimed at. The latter difficulty especially seems to have been a 
cause of embarrassment. In trying to simplify they at times do not give 
quite the correct idea. For example, on p. 2 wo are told that the higher 
plant arises from the union of two germ-cells—the pollen and ovules (the 
annotation here re ovules only causes more confusion in the mind of the 
reader. On p. 19 two illustrations are given and the legend states that there 
is a chiasma in each figure, but this would seem to be true of the second only. 
Viviparous is defined as producing young in a living state, and the definiticm of 
diploid parthenogenesis on p. 38 is not clear and seems incorrect. Apart 
from these and similar instances of vagueness the account is a good intro¬ 
duction to genetics and cytogenetics. 

The special portion of the book, however, is quite a different matter. 
Here the authors have given us a careful, authoritative and critical account 
of the genetics of horticultural plants. Stress is laid on the protective influ¬ 
ence of cultivation, which it is claimed preserves good varieties rather than 
improves bad or indifferent ones. It is also pointed out that in horticultural 
work sterility may not be the drawback it at first sight would seem. The 
practical applications of results as well as their theoretical implications are 
dwelt upon and the last few chapters on incompatibility, sterility and the 
origin of new forms will be found of special interest. The book is well 
pft^uced and illustratecl and the price is a very reasonable one. 

E, M. 0. 
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Giurdmisiip in Bast Africa. By MemberB of the Kenya Horticultural 
Society and of the Kenya and Uganda Civil Sarvioee. Edited by 
A. J. Jkx-Blakb, M.D., F.R.C.P. [Pp. xvi -f 330, with 6 coloured 
plateB and 6 figures.] (London, New York, Toronto : Longmans 
Green & Co., 1934. 12b. 6(i. not.) 

This manifestation of the enterprise and enthusiasm of the gardening devotees 
of Kenya is, as Sir Arthur Hill points out in a foreword, “ a testimony to their 
unbounded faith, constant hope and deep love for their plants.” 

Mr. Walter contributes an account of the climatic conditions, which is 
illustrated by twenty-one useful graphical presentations of the seasonal 
distribution of rainfall in various parts of Konya, from the coast to the Great 
Lake, and for five stations in Tanganyika, throe in Northern Rhodesia and 
three in Uganda. The cultivator has to contend with the two seasons of 
drought on the one hand and the periodic torrential rains on the other. 

The nature of the soils and their cultivation is the subject of a chapter by 
Jjilr. Becjkley and other chapters treat of the various classics of horticultural 
plants, annuals, perennials, roses, fioworing trees and shrubs, climbing and 
bulbous plants. Others with lawns, vegetables, fruits, posts and diseases. 

Some idea of the difficulties encountered in garden culture may be obtained 
from the foot that such plants as Sweet Peas, Lobelia, Mimulus and Nemesia 
can only be grown at altitudes above 6,000 ft.. Lupins above 7,000 ft. and 
Sweet Williams above 8,000 ft. Wallflowers, although they will grow at 
the lower altitudes, will only flower at the higher. 

The whole forms a work which] should prove very useful to gardeners 
in these areas, and there is also much of general biological interest. 

E. J. 8. 


The Diaeases and Curing of Cacao. By H. R. Briton-Jones, D.Sc., 

Ph.D., D.I.C., A.R.C.S. [Pp. X + 161, with 37 figures.] (London : 

Macmillan A Co., Ltd., 1034. lOs. net.) 

This book is the outcome of a suggestion made at the Imperial Myoologioal 
Conference in 1929 that a series of handbooks should be prepared on the 
diseases of the major tropical crops. The author has had much experience 
of cacao cultivation in the West Indies, and the book contains a full account 
of the chief disockses of the crop there, in South America and in West Africa. 
The book, which is well illustrated, is primarily written for Agricultural 
Officers and Planters, but some parts of it will be of great interest to plant 
pathologists in general, notably the author's views on the incidence and 
control of root diseases. Professor Briton-Jones advocates the growing of 
cacao under the most favourable agricultural conditions as being the best 
means of avoiding serious disease, maintaining that if optimum conditions 
are provided for the crop, disease will not generally assume largt^ proportions. 
8 uoh an ecological standpoint will commend itself to plant pathologists, 
although it must be remconbered that certain epidemic diseases of more 
valuable crops can only be controlled by specific treatment. Cacao is mostly 
cultivated by small proprlotnrs and it is impossible economically to spend 
much on disease-control. 

A valuable chapter at the end of the book describes The Preparation 
or Curing of Cacao.*' This is an account of the various methods in use for 
the preparation of the cacao beans of commerce. The biochemistry of these 
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proeeases is discussed at some length and the author indicates where further 
knowledge is needed. 

The book contains a bibliography on cacao fermentation and a general 
bibliography of 192 titles, but as the references are not numbered in the teact 
one does not know sometimes which of a number of papers by an author is 
under consideration. Several papers included in the bibliography are not 
mentioned in the text. 

There are some misprints : e.g. on p. 62 “ Went ” should be “ Rant>** 
and the genus Trachyaphaeria should be TrachyaphcBra, 

F. T. B. 

The Science of Rubber (Handbucb der Kautecbukwieeenecbalt). 

Edited by PBor. Difl.Jno. K. Mbmmler, Director of the Staatliche 
Materialpnifungsamt at Berlin-Dahlom. Authorised English Trans¬ 
lation edited by R. F. Dunbrook, Ph.D., and V. N. Morris, Ph.D., 
of the Research Staff of the Fire8t<me Tire an<l Rubber Co. [Pp. 
xvi 4- 770, with 7 plates and 213 figures.] (Now York : Reinhold 
Publishing Corporation, 1934. $16.00.) 

This work is a composite production which has arisen out of a book entitled 
Dtr Kautachuk und seine Priijung, published by the Editor jointly with the 
late Prof. Dr. W. Hinrichsen in 1910. Wlien the publishers. approached 
him regarding a new edition the idea occurred to him to extend the scope 
of the book and to produce a comprehensive review of the entire field of 
rubber science ; ho therefore called in the assistance of a number of collabora¬ 
tors, each of them specialists in some branch of the subject, and as a result 
produced the present volume, not as a second edition but as the first edition 
of a new publication. Tlie translators* preface opens with the expression 
of opinion that although good books have been written in English on Planta¬ 
tion Prctctice and on the Technology of Rubber no book in English covers 
the subject of rubber so fully from the scientific point of view ; it was thought 
that scientists and technologists would welcome a really comprehensive 
work in English covering not only latex, crude rubber, the chemistry of 
rubber, vulcanisation and the analysis of rubber, but also microscopy and 
pigment dispersion, the physics of rubber and the recently developed equip¬ 
ment for physical testing of rubber. The editors have been assisted in their 
translation by ten members of the Firestone Research Laboratories and 
others outside, and have endeavoured to supplement the original work with 
translators* notes covering newer work since the German text was written, 
on such subjects as synthetic rubber, direct utilisation of latex. X-ray e?cam- 
ination, American physical testing apparatus and recent theories of vulcan¬ 
isation. The value of the book has furthermore been greatly onhonood by 
the inclusion of a vary comprehensive bibliography, ^om what has been 
said it will be seen that the book goes far towards meriting the title of an 
enoyclopa9dia of rubber. The Editor in his preface to the original German 
edition states that the teolmology of the preparation of rubber goods and 
factory practice was omitted on the ground that this did not fit into a book 
devoted essentially to the scientific aspects of rubber and that books dealing 
with this subject adequately existed already. 

To give an adequate aocount of the contents of this very valuable book 
would require considerably more space than is here available; suifloe it to 
say that all tastes have b^ catered for, both specialist and other. Some 
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ides of the ground covered can be obtained from a recital of the main head* 
ings. Thus following an Introduction comes a section on ** Botany* Culti¬ 
vation, Collection and Preparation of Rubber,” This contains a complete 
list of commercially exploited rubber-producing plants with detailed descrip¬ 
tion of their chief characteristics and figures illustrating their morphology ; 
included among these plants is the latest recruit in the form of the species 
of Scorzonera, which is being cultivated in Soviet Russia. This section 
also contains an accoimt of the anatomy of laticiferous tissues leading on 
to the physical characteristics of latex as well as to its physiology; then 
follow methods of tapping, application, coagulation and conversion into 
crude rubber. The next big section is entitled the Chemistry of Rubber, 
including the molecular size and constitution of rubbt^r as well as the synthesis 
of artificial rubber. The Vulcanisation of Rubber deals with the methods 
and theory of vulcanisation and with the reclaiming of vulcanised rubber* 
The remaining sections are entitled Chemical-analytical Testing Methods, 
Physics of Rubber, Physical Testing Methods and Microscopy of Technical 
Vulcanizates. Each section being written and translated by experts is 
written in an authoritative and exhaustive manner, and the result is a most 
valuable and reliable up-to-date treatise. The bibliography covers some 
60 odd pages and there is a very complete author and subject index which 
adds greatly to the utility of the book, which may bo confidently recommended 
to all who are interested in the subject of rubber in its manifold aspects. 

P. H. 


ZOOLOGY 

A History of Embryology. By Joseph Needham, Sc.D. [Pp. xviii 
-f 274, with frontispiece and 40 figiues, including 15 plates.] (Cam¬ 
bridge : at the University Press, 1934, 15#. net.) 

It is difficult in a short notice to do justice to a work such as this, which 
embodies research covering a very wide field and making formidable dememds 
on the learning and experience of the author. The first two chapters deal 
with Embryology in Antiquity and from Galen to the Renaissance, and the 
lost two trace the history of Vertebrate Embryology in the seventeenth and 
eighteenth centuries. Ilio work concludes with a section of a general and 
philosophical nature. It is evident that much thought and labour are brought 
to a focus in this treatise, and many of the conclusions reached are not only 
important but now. We propose, however, to take the merits of the work 
for granted—they are sufficiently obvious and considerable—and to com¬ 
ment only on that aspect of it which admits of improvement. We do this 
in the hope that the next edition may be made even more valuable than is 
the present one. 

Experience extending over many years teaches us that one thing essential 
in the technical equipment of the historian of Science is a detailed knowledge 
of the history of the lU&ratur^ as distinct from the history of the phenomma 
of Science. Ignorance or weakness in matters bibliographical recoils heavily 
on the head of the offender, and he finds himself guilty of errors which are 
not pleasant to remember. It is true that these slips are found in the worit 
of the most careful scholars, who, however, may be trusted to avoid the 
more obvious pitfalls. Mistakes tmhappily seem to be inevitable. The 
simple rule that the first relevant edition is the one which should be most 
carefully studied, and later editions examined only for new matter, is fre- 
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quently ignored, but rarely with impunity. In the work under review many 
oorreotions are neoeesary under this head alone. Bibliographioal research 
k laborious but not difficult or oven boring. The investigation of a problem 
is accompanied by all the attractions of the chase, which make the solution 
of these pussies a fascinating as well as a profitable pursuit. 

In reading Dr, Needham’s book it became clear that the text- should be 
critically worked over from the bibliographical point of view before the next 
edition is printed. Admitted that the bibliography covers some fifty pages 
of print, and that there is abundant evidence that these books have been 
personally examined, the fact remains that the handling and integration of 
this vast body of literature have not been completely mastered. One date 
in the text, another in the bibliography, both being wrong, simply should 
not be. There is only speuse to quote a few representative examples. The 
statement on p. 107 that it is one of the puzzles of this period why Harvey 
made no mention of it [Higlimore’a Treatise on Generation] in his work,” 
becomes loss of a puzzle-if Highmore’s work was published after Harvey’s, 
as it was. On p. 112, after pointing out that Sir Thomas Browne refers to 
Harvey’s work on Generation in the Fsendodoxia, although the latter 
was published in 1646 and Harvey’s work in 1651, Dr. Needham asks : 
“ Did Browne see manuscript or proof sheets T Does any other evidence 
exist that Browne was in close touch with Harvey ? ” Again, the mystery 
vanishes when it is discovered that the reference to Harvey occurs for the 
first time in the third edition of the Psetulodoxia published in 1668 [also in 
the Hydrioiaphia of the same date]. On p. 215 it is stated that the automatic 
microtome was invented by Threlfall and others ** about 1860.” Threlfall 
was bom in 1861, nor is the date of the invention in any doubt. The auto* 
matic microtome was first suggested by Threlfall in 1882, the first instrument 
was made in 1883, and the Cambridge ” Rocker ” dates from 1885. On 
p. 159 the question of the demonstration of the independence of maternal 
and festal circulations is thus decided : ”F. Hof&nann, 1681. (He proved 
the point by injection long before Hunter, who is stated by Cole to have 
been the first to demonstrate this.) ” Here Dr. Needham is confusing two 
persons of the same name. He quotes the father instead of the son, the 
work selected has no embryological interest and is moreover of the wrong 
edition, and the statement that the discovery in question waa attributed to 
Hunter by Cole is also incorrect. We owe the first complete demonstration 
of the vascular arrangements in the placenta to Monro primtis (1734), but 
he was partially anticipated by F. Hoffmann the younger in 1718. In 
Dr. Needham’s bibliography the date of Redi’s work on the Generation of 
Insects is given as 1688 instead of 1668, but oven this slip does not explain 
the statement on p. 129 that ” Harvey’s scepticism about spontaneous gen¬ 
eration antedated by nearly a century the experiments of Redi.” Only 
seventeen years actually separate the publication of these two works. A 
lapse of another and loss excusable typo is the reference to Leeuwenhoek 
on p. xvii, where the following sentence occurs : ” The time-killing dilet¬ 
tante^ almost philatelic, quality of Leeuwenhoek’s investigations is, as Becking 
says, too obvious to be overlooked.” No one who was really familiar with 
L^uwenhoek’s researches could possibly have described them in such terms, 
nor is Becking an authority to be quoted in this connection. The state¬ 
ment by Dr. Needham on p. 190 that Bonnet (1779) discovered parthkaio- 
genesis in Aphids illustrates this very point. Bonnet’s work was first printed 
in 1746—long after Leeuwenhoek had published a circumstantial and remadk- 
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able demonstration of parthenogenesis in Aphidid«8 in a series of letters 
betmreen 1695 end 1702. 

A critical examination of the list of ** Books not consulted ** (p. 223) 
which ** have proved quite imobtainable in any librcuy, and for the most 
part are not mentioned in any of the principal Bibliographies,” and oon- 
oeming which Dr. Needham would bo ” extremely grateful for any informa¬ 
tion,” is only another illustration of the justice of the criticism which has 
here been stated. A student working far from a great University Library 
would have no difficulty in solving all the problems in this list, nor would 
he even bo tested by them. Authors’ names misprinted, wrong attribu¬ 
tions, wrong dates, and failure to consult classic sources of information 
readily account for ovary item. Most of these works are, in fact, in the 
British Museum, and some are in the Bodleian, Edinbiwgh University and 
doubtless other libraries. The number of printed. scientific works which 
cannot bo seen or traced is so small that it is wise to hesitate before ignor¬ 
ance is admitted. « - ^ 

F. J. C. 

Sea Trout of Lewis and Harris. By G. Hbbbebt Nall, M.A., 
F.R.M.8. fPp. 71, with map and 6 plattjs.j (Edinburgh : H.M. 
Stationery Office, 1934. 4<r. net.) 

This is the fourth of the Salmon Fishery papers of 1934 published by the 
Fishery Board for Scotland, and in it Mi. Nall continues his long series of 
scale studies of Soot|||^h sea trout. He has produced already two papers 
on the sea trout of South Uist (Howmore and Kindonan) and a short paper 
which may be regarded as preliminary to this. He is able, therefore, to 
make useful comparisons. 

The details of the many small river 83 ^tem 8 found in the Long Island 
are not to be understood easily unless through personal expt^rience or a 
careful study of the map, but many of the streams and lochs have been 
famous for their sea trout for a long period. It is found that the fish here 
make a good start in life and at the time of migration as smolts are quite 
up to the mainland standard, but that in their sea life they do not grow 
quite so fast as do either the quick growers of the mainland, or the fish of 
South Uist nor are they quite equal to North Uist fish at Loch Maddy or 
to certain of the Orkney sea trout. It is noted, however, that as many of 
the fiish were of the poor run of 1933, it is possible that full justice may not 
be apparent in the rather restricted number of samples (1813 in all, spread 
over three years). At the same time there is a difference noticeable in the 
age at which most of the sea trout smolts migrate, the proportion of three- 
year-olds being less than elsewhere. 

In the rivers of the mainland, a decline in the numbers of sea trout has 
been remarked for some years. In the streams under review the catch is 
by rod alone, so that the possibility of over-netting does not arise. An 
interesting record of totals covering a period of sixty-one years from North 
Harris, shows an increase of salmon (most of which are grilse) and no very 
evident sign of a scarcity of sea trout. Many have stated that it exists 
but Mr. Nall suggests that a rhythm or periodic rise and fall is possibly the 
explanation. A most careful paper, and a full statement of detail as is 
always the case with the author. A short paper by Mr. MaoFarlane, the 
Asifistant Inspector of Salmol! Fisheries, on some salmon scales is included. 

W. L. C. 

BB 
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ProoMdings of the Third Intomational Loouirt Coaloroiioei London^ 
Saptomber 18, 1934. PE^. 179, with 2 maps.] (London : H.M. 
Stationery Office, 1034. 3s. net.) 

Tra Proceedings of the Third International Locust Conference consist of an 
account of the meeting of the delegates in London, of the resolutions which 
were passed, and twenty-two appendicijs which consist partly of short papers 
dealing with particular aspects of the locust-problem, partly of summaries 
of existing research-programmes. 

Now that the international nature of the locust-problem is clearly realised 
and research in different countries is being co-ordinated, it is becoming 
increasingly necessary for the various research-workers to have certain 
basic ckssumptions in common and to ethploy a common terminology. The 
main purpose of the various resolutions which were passed by the conference 
was to provide such a background to all locust-research, at least in Africa 
and Western Asia. In some respects the cuivantages of conformity are 
obvious, as when a set of symbols is put forward for recording locust-migra¬ 
tions. But some doubt may b<3 felt as to the wisdom, at this stage, of hxing 
the lines of all research on locusts. Actually the resolutions are mostly so 
broadly drawn that almost any sort of research might be included tmder 
them, but, as a matter of principle, the question is worth some consideration. 
The danger of legislating ** for the future in this way appears particularly 
in relation to Resolution 3 (e) which deals with the standardisation of bio¬ 
metric methods. The ratios of certain linear measurements of the locusts 
are important characters of the phases. It is laid down that in future all 
such ratios should be calculated as the ratio of the means of the two sets of 
linear measurements, rather than as the moan of the separate ratios. While 
the former method is economical of arithmetical, it is very doubtful if ratios 
obtained in that way have any statistical validity, except with very uniform 
stock and with very large samples. 

However, the real purpose of the resolutions is probably more to. set a 
minimum standard for research than to insist on a sterile uniformity. 

Several of the appendices contain interesting new material. Appendix 7 
consists of a valuable summary and analysis of the basic problems («.e. the 
problems presented by the swarming habit) by Mr. B. P. Uvarov, Appendix 8 
by Mr. H. H. King deals with the recent application of aircraft delivering 
s^ium arsenite dust to the destruction of flying swarms. A full account 
of the recent experiments is given but it is too early to come to any con¬ 
clusion as to their value. It has at least been proved that locusts falling 
to the ground during the experiment contained appreciable quantities of 
the arsenite. In Appendix 9, Dr. T. J. Naud6 suggests a modification of 
the experiments, viz, that swarms should be dusted in the early morning, 
when they are stationary. This would eliminate some of the difficulties 
raised by scattering poisoned locusts all over the countryside. 

O. W. Rxchabos. 

MEDICINE 

The Biooliamhitry of the Eye. By A. C. Kbausk, M.A., Ph.D., M.D., 
F,A.I.C. [Pp. xvi -f 264, with 17 figures.] (Baltimore : The Johns 
Hoffiuns Press; London: Humphrey Milfoil, 1934. 16s. net.) 
Thb second of a series of monographs on ophthalmology—a volume dealing 
with the Biochemistry of the Eye—^published by the Wihner Ophthalmologioal 
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Institute of the Johns Hopkins University, keeps up the high standard set 
by the hrst which dealt with immunology as applied to diseases of the eye. 
The present volume is written by Arlington C. Krause, whose intensive 
researches at this Institute in this partimilar branch of the subject have 
put him in a position of no inconsiderable authority to write such a book. 
For over a century sporadic studies have been carried out on the chemistry 
of the tissues of the eye, but until recently the results had risen little beyond 
the level of isolated and unrelated observations which, for lock of coherence, 
carried with them little value and less meaning. During the last twenty 
years, however, the position has greatly changed, and a new era of intensive 
and systematic investigation has introduced a voluminous literature in 
which, unfortunately, chemical facts have been too liberally clothed in 
theories and speculative hypotheses. To a large extent this may be due to 
the fact that much of the experimental work has been done by workers whose 
training has been clinical rather than chemical, and who have allowed enthusi¬ 
asm to outstep the limits usually sot by long training in the colder and more 
logical atmosphere of the laboratory. A review of the literature at the 
present time is therefore more than usually useful, and, although perhaps 
sometimes complete success may not have been attained in winnowing the 
wheat from the chaff, the present volume is on the whole so good that minor 
criticism seems out of place. 

Most of the book is, of course, a collection of somewhat unrelated facts : 
and it is astonishing, viewing these facts presented together, how little one 
knows of their ultimate collective significance. The eye is an organ designed 
for a very specialised function, and its tissues present physico-chemical 
projjerties differing widely from other organs of the body. Moreover, many 
of these tissue-constituents are very complex, and the problems in thermo¬ 
dynamical and colloidal chemistry which they raise are unfortunately imper¬ 
fectly imderstood in the region of pure chemistry, a fact which makes their 
elucidation in a complex biological system very difficult indeed. But when 
it is remembered that all the major problems of ocular pathology are essen¬ 
tially physico-chemical—-6uch as cataract, glaucoma, the etiological factors 
of detaclment of the retina, comeal opacities, and so on—it is apparent how 
important and immediately practical is this young and relatively unknown 
branch of science. On it will depend moat of the revolutionary therapeutic 
advances of the future, and a book such as the present fulfils a very important 
function both as an incentive to further work, in so far as it demonstrates our 
essential ignorance, and as a ready reference to, and a review of the work 
which has been already done. 

S. D.-E. 

Payohology and Health. By H. Banzstsr, M.Sc., Ph.D. [Pp. 
viii -f 256.] (Cambridge : at the University Press, 1936. la. 6d.net.) 

Bn. Baki8T]b&*8 book is intended to provide medical students and practitioners 
with sufficient knowledge about the workings of the human mind to enable 
them to exercise a favourable infiuenoe upon the psychological processes of 
patients. The author, who is Lecturer in Experimental Psychology at 
Cambridge University, has not allowed the preoccupations of the laboratory 
to pevent his acquiring considerable experience in clinical psychology. 
This experience, combined with wide reading in psychopathology, has enabled 
him to piroduoe a well-written volume, which should prove useful to such 
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general practitioners as are prepared to accept the authority of a lay psyoholo- 
giat. The subjects dealt with include the psychological problems of the 
healthy and the psychological phenomena complicating physical disease as 
well as the frank psychoneuroses (the psychoses are wisely omitted from 
discussion). The psychotherapeutic techniques of suggestion, hypnosis and 
“ analysis ” are also described. As regards analytical therapy, the rival 
theories of Freud, Jung and Adler each receive a chapter ; and these three 
chapters possess the rare merit of providing concise and accurate accounts 
of the rival theories without critical comments. The theories are thus 
allowed to speak for themselves. Unfortimatoly, however, the author’s 
description of the psycho-analytical technique is not only misleading but 
inaccurate. It is also regrettable that the author should employ the term 
“ neurasthenia ” as a synonym for “ anxiety state,” sinoo the two terms 
have been commonly used to denote distinguishable conditions. Dr. Ban¬ 
ister's own theory of the psychoneuroses is that they are due to the influence 
of childish and ill-adapted sentiments. The psychotherapeutic method he 
favours is a modified analytical technique directed towards the dissolution 
of ill-adapted sentiments and the creation of more satisfactory ones. Of 
its kind the book is good, but it is a question whether there are not already 
too many of the kind. 

W. R. D. F. 

Your Maals and Your Money. By Govk HAMBrnaE. [Pp. xvi + 190, 
with many charts and illustrations.] (New York and London; 
Whittlesey House, McGraw-Hill Book Co., Inc., 1934. 6#.) 

It is a pity that the Ministries of Health and Agriculture and Fisheries are 
at opposite ends of Whitehall. Could we get them physically and spiritually 
together and thrust this book into their hands we might stimulate them to 
a planned agriculture leading to a planned national nutrition. 

The dietician says that healthy diet must be based on dairy foods, market 
garden produce and (fat) fish. The agriculturists (Sir Daniel Hall and A.O. 
Street, for example) say that our agriculture should be based on dairy and 
market-garden produce. For heaven’s sake, why not do it T We know what 
is happening to the herring trade. This book is a welcome aid to thooe 
who believe in planning for the health of the nation and should be read by 
every sociologist, M.O.H., dietician, welfare worker, domestic sciaioe teacher, 
etc. It is especially recommended to politicians who can read American 
and think. 

V. H. M. 


HISTORY OF SCIENCE 

The Doctor in History. By Howard W. Haogabd, Associate Pro¬ 
fessor of Applied Physiology in Yale University. [Pp. xiii -f 408, 
illustrated.] (New Haven : Yale University Press ; London : Hum* 
phrey Milford, Oxford University Press, 1934. 17s. net.) 

This is essentially a history of medicine or, as the author prefers to call it, 
” a history of health,” although most, if not all, of the book is taken up witih 
an account of man's struggle against disease. Indeed, it is really ** a history 
of ill-health,” beginning not with man's ailments, but with the of 

the dinosaurs and sabre-toothed tigers. Written for the author's okildriMi 
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and obviously intended for the general reader, it traces the work of the 
physician and his ally, the surgeon, from the time of the primitive medicine¬ 
man of pre-history right down to the present day. It includes very inter¬ 
esting chapters on Imhotep, .^c ulapius and Hippocrates, on medicine under 
the Egyptians, Greeks and Arabs and during the Crusades, on the Black 
Death and the Dancing Mania, on Paracelsus, Vesalius and Par6, on the rile 
of modem medicine under the influence of scientific discovery, on the intro¬ 
duction of European medicine into America, on medicine in prisons, barracks 
and war, and on the laboratory fight against disease. 

The author has produced a very well-written book. It differs consider¬ 
ably from other histories of medicine in that it does limit itself to medicine 
without dragging in the discoveries of half a dozen other sciences in order to 
make a history. Everywhere full account is taken of the conditions of life 
in the various periods studied, which makes it an extraordinarily readable 
book. It contains over a hundred illustrations and is packed with interest: 
we read, for example, that mediseval imdergraduates groaned \mder the 
restrictions against bringing “ bean shooters ** into lecture-theatres and 
against heckling the public hangman in the execution of his duty,** and 
that the average length of life in those days was eight years, an obvious 
excuse for a little gaiety with ** bean shooters ** and the hangman. The 
still current mistake about John Mayow appears here once more ; and the 
author apparently supposes that ** oil of bricks ** (the distillate from olive 
oil, into which red-hot fragments of brick had been cast) was ** oil squeezed 
from bricks ** (p. 268), an under-estimation of the intelligence of the alchemists. 

D. McKix. 


MISCELLANEOUS 

Confesaiozui of a Soientist. By Raymokd L. Ditmabs. [Pp. xiv -f 241, 
with 23 plates.] (New Y<»rk and London : Macmillan & Co., Ltd., 
1934. 16s. net.) 

Db. Ditmabs writes with an engaging simplicity about the everyday affairs 
of his life, so that as one reads one lives it with him. And what an amusing 
life it is I First he is off to Panama, to collect venomous snakes ; then again 
for tarantulas ; then ho is bringing back to New York the only true vampire 
bat ever exhibited in a Zoo. Late at night, ho sees his captive stalk silently, 
like a big, four-legged spider, across the floor of its cage to a dish of blo<^ 
and lap it with the tongue—^not suck it up as is generally supposed. He 
films these things and prints excellent pictures from the film in the book. 
Then he rushes off to the Berkshire Mountains to catch rattlesnakes, and 
returns to his desk in the New York Zoo, wiiere we watch him interviewing 
reporters, trying not to accept people’s pets for the collection, or called away 
to some cage or other to deal with a crisis. We stand beside him as he 
lectures, to a school perhaps or on a rolling ship, and shows living animals on 
the lecture bench which are always, apparently, on the verge of escaping 
into the audience. We go with him into his private cinema studio where he 
is making a collection of ammal-pictures—here, among other adventures, 
a mamba gets loose among the overhead wires and pipes and is only recap¬ 
tured with great difficulty. And so on, to the end of an unpretentious and 
very entertaining volume. Lovers of Prank Buckland and Charles Waterton 
will like Dr. Ditmars too. 


G. P. Wblls. 
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ilaco and Cultnra Contacts. Edited by E. B. Rkutbb. [Pp. viii 4* 
268.] (London & New York: McGraw-Hill lEHiblishing Co., Ltd., 
1034. ISa. net.) 

Pbofbbsob Kbtttbb has hero selected from the communications presented to 
the 28th Annual Meeting of the American Sociological Society fourteen papers 
which are likely to appeal to a wider public than that to which they were 
addressed originally. The subject propounded as the focussing point of 
the meeting was racial and cultiu*e contact. In dealing with this topic the 
papers included in this volume fall into two groups. All, with one exception, 
to which must bo added an introductory chapter by the editor, are descrip¬ 
tive and historical; but those which fall in the first group are general in 
scope, while those of the second are concerned with problems which speci¬ 
fically affect the United States. Thus in the first group Mr. R. O. McKenzie 
in his ** International Expansion and the Interrelation of Peoples ” deals 
with the beginnings of ciiltural and racial confiict and at the same time 
provides something of a historical background for the other papers composing 
the volume. Mr. Robert E. Parks rapidly surveys conditions in three con¬ 
tinents where backward and advanced peoples meet, incidentally providing 
those who are interested in conditions in South Africa with food for thought. 
Mr. Max Hardman, in dealing with social adjustments of confiicting racial 
elements, gives an instructive analysis of conditions in Transylvania. English 
readers, however, may, perhaps, turn with greater interest to the second 
group in which the material analysed will be less familiar. Here attention 
may be called particularly to papers which deal with the family organisation 
and mental attitude of the present-day negro population in the southern 
States by Messrs. Franklin Frazier and 0. Johnson respectively and those 
on the remarkable absence of race prejudice in Hawaii of which the char* 
acteristics are described and the origins traced by Messrs. Romanzo Adams 
and A. W. Lind. 

E. N. F. 


Craation and Evolution in Primitive Coemogoniea and otlier 
pieces. By Sib Jamks Fbazbb, O.M., F.R.S., F.B.A. [Pp. 
ix 4- 161.] (London : Macmillan & Co., Ltd., 1936. 8s. 6d. net.) 

It is a great pleasure to be able to read yet another book from the pen of 
Sir James Frazer, and one too of a more intimate character than some of 
his larger works. All except one of the essays have appeared before, but in 
a less accessible form. The eight fall into well-defined groups, the first from 
which the book takes its title shows Sir James as an anthropologist, two short 
chapters form his last tribute to two distinguished colleagues, Sir Baldwin 
Spencer and Canon Roscoe. But, as we have learnt long ago, Sir James 
covers in his scholarship a wider field than anthropology and both Gibbon 
and Condoroet are treated with an urbanity which many attempt but few 
succeed in achieving. A short notice cm Mediaeval Latin fabulists serves to 
remind us of the author’s achievement in the field of Latin and Greek. 
Finally come two papers—^the last hitherto unpublished, the first his speech 
on receiving the freedom of the City of Glasgow—^which add that intlynate 
character to the volume which has been mentioned above. In these^ papers 
Sir James tells us of his early life, his struggles and ambitions, and of the 
help which he received from his parents at the beginning of and later in his 
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oaraer. His debt w our debt, for it is to Sir James that most of us who are 
anthropologists owe our original inspiration to undertake this study. 

L. H, D. B. 


Sa Torreta. By Maboabbt A, Murray, D.Lit., F.S.A. (Soot.), F.R.A.I^ 
Fellow of University College, London. With Chapters by T. Baia- 
KRiSHNAN Nayar, M.A., and John Cambbon, M.D. Cambridge 
Excavations in Minorca, Part II. [Pp. 86, with 50 plates and 
4 figures.] (London : Bernard Quaritch, Ltd., 1934. 20s. net.) 

This book, which forms Part II of the Excavations in Minorca, is a worthy 
successor to the first part, Trapucd, which appeared in 1932. Tlie arohss- 
ological work is described with Dr. Murray's characteristic care and thorough¬ 
ness and throws further light on the curious rude stone structures of the 
Balearic Isles. Very special attention may be directed to the report on the 
human remains, and it is difficult to praise adequately the care lavished both 
by the excavator in rescuing the much-comminuted fragments and by Dr. 
Cameron in studying them. The report includes a detailed study of the 
skulls and of the other bones of the skeleton. The writer has not only 
described the racial characteristics of the people, but lias also attempted to 
explain the causes of such phenomena as platymerU and pUUycneima which 
have excited the attention of anthropologists ever since Manouvrior, following 
the woric of Busk and Falconer, devoted considerable attention to the matter. 
There can be no doubt, as Sir Arthur Keith states in his introductory note, 
that the people buried in the naveta were of the same racial stock as the 
early Maltese. The method of burial also is similar. We have in both oases 
a confused medley of human bones, presumably the remains of many inter¬ 
ments, probably a cliamel house, not dissimilar to some which still are in 
use in certain parts of the Mediterranean. Both groups of people belonged 
to the same division of humanity. Your reviewer had the opportunity some 
years ago of studying the early Maltese remains in detail, and this identifi¬ 
cation seems certain. The difficulty comes in when one attempts exactly 
to define which group of humanity they do belong to. Wiiile it seems reason¬ 
able to suggest that they are a branch of the Mediterremean stock, they differ 
from most accepted examples of this stock, except such series as an early 
Predynastic group firom Egypt examined by Fouquet, in the great length of 
the head, which comes well within the Nordic " range, from which division 
they are however separated by the small cranial breadth. They differ from 
the Neolithic peoples of the British Isles, which Dr. Cameron himself has 
elsewhere stated that he believes to be of Mediterranean affinities, in their 
generally smaller size. This is not the place to discuss these interesting 
problems in detail, but they cannot be passed over, more especially since 
a oarefiil monograph of this type is invaluable in providing material for the 
subsequent study over a wider area of the difficult questions of the raoiad 
affinities of the early peoples of the Mediterranean and their relationship both 
to their sucoessors, such as the modem Maltese, and to such early peoples 
elsewhere, as the Long Barrow men of the British Isles. Such detailed 
anthropologioal studies are particularly valuable when they are so clearly 
documented arohidologically as they are in this volume. 

L. H. Dxroixr Buxton, 
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Aa Introduotion to Theory and Practice of Peychology. By 

Ll. Wykn Jones. MJV., Ph.D. [Pp. x -f SOS, with 35 figures.] 
(London : Macmillan A Co., Ltd., 1934. 12s. 6d. net.) 

PSYCHOLoav, says Dr. Wynn Jones, is now an independent science based on 
principles of its own ; it has become a separate branch of knowledge, of the 
utmost importance to the doctor, the teacher, and the man of business. 
Accordingly, he has written a text-book from which physical, metaphysical 
and physiological questions are excluded, and in which psychological facts 
and theories are described in purely psychological terms. The whole work 
is based on lectures given to students of medicine, education, and industrial 
psychology ; and is admirably adapted to the needs of the practical student. 

The volume begins with an exposition of Professor Spearman’s funda¬ 
mental hypotheses ; and ample space is devoted to an exposition of Professor 
Spearman’s work. But the views of all the modem schools are touched 
upon—behaviourism, Gestalt psychology and (a little more briefly) psycho¬ 
analysis. 

Throughout, the treatment is highly original, and unlike that of the 
ordinary manual of psychology. With his declaration that experimental 
psychology without theory is futile, and that general psychology without 
experiment is sterile ” every psychologist will agree. And, in accordance 
with this principle, he chooses as the starting-point for almost every chapter 
some concrete mental process taken from everyday life cmd reduced to experi¬ 
mental form. Thus each topic is at once made living, interesting, and real t 
and the student is led to deduce his own conclusions from objective foots 
studied at first hand. In addition to the usual themes, such problems as 
those of the psychology of wit, of music, and of art have chapters to them¬ 
selves. Abstract and difllcult matters like psycho-physical and statis¬ 
tical methods are relegated to the end. The book is at once scientifio and 
versatile, and forms a most useful and readable introduction to the whole 
subject. 

C. B. 

Statistical Methods lor Research Workers. By R. A. Fxskbii, 
Sc.D., F.R.S. Fifth edition. |Pp. xvi -f 319, with 12 flgures and 
numerous tables.] (Edinburgh and London : Oliver & Boyd, Ltd., 
1934. 15s. net.) 

Pbotsssob Fxshbb is to be congratulated. In 1926 he produced the first 
edition of the present work. As was to bo expected, it was entirely novel, 
presenting as it did statistical methods by example and precept, rather than 
pages of mathematical formulse. The book is now in its flfth edition, which 
may be taken by the editors of the series of Biological Monographs and 
Manuals, and by the author, as suffleient justification for their initiative 
in the first instance. 

Professor Fisher still maintains, in the fifth edition, that he is right in 
refusing to bow to the critics who want mathematical proofs. Those who 
are desirous con consult the original papers, to which exhaustive references 
are given,; the book is mainly intended for research workers in the biological 
and kindred sciences, who can apply themselves to an understanding of the 
principles underlying the methods described, and subsequently use the 
methods themselves on their own data. It is inevitable, of course, ^hat 
workers in other fields, who do not understand the teohnioal problems and 
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terms of the biologist and geneticist,"find some difficulty in appreciating the 
application of the methods to some of the examples given in the book, and 
may, in consequence, introduce errors when they use the methods to aid 
them in the interpretation of thoir own results. 

The author and “ Student ** may be considered to have opened up new 
avenues of research in statistics, and have had a great deal of mfiuenoe 
on modem methods of handling statistics, especially those which emerge 
from laboratory experiments, where tests of significance are important. 
Since the first edition many of Professor Fisher's ideas, which were then 
considered unorthodox, are now accepted, and it is of very great importance 
that these should be available in the present fonu, not only to be appre¬ 
ciated and criticised by the professed statistician, but by the large number 
of other readers, who would perhaps lose themselves in a maxe of streets of 
an old-fashioned mathematical town, but are able to use a by-pass consisting 
of clear staU^ments of ideas. 

The clear type and good paper are assets, which assist the reader in 
realising the “ efficiency ” (to use the author's word) of the book. 

E. C. Rhodes. 

Tha Teaching of Chemistry. By N. F. Newbuby, M.A., M.Sc. [Pp. 
xii + 247, with 23 figures.] (London : William Heinemann, Ltd., 
1934. 6s. net.) 

Mb. Newbuby has collected a great deal of valuable material not easily 
accessible elsewhere. He covers a wide range, his advice is always sound 
and practical, his comments are often illuminating and his criticisms bal¬ 
anced. Younger teachers will derive benefit by reading what he has to say 
on the organisation of the school laboratory and on the framing of syllabuses ; 
while even the more experienced will read with interest many of the chapters, 
such as those on the iiffiuenoes of language and on the use of diagrams and 
models. The author has added still further to the utility of his book by 
paying attention to some of the objective researches which have been carried 
out on the teaching of Science and, also, by providing numerous references. 

There is no doubt that the teaching of chemistry has suffered greatly 
from a method of treatment at once too formal and too abstract. The 
movement away from this attitude is illustrated by Mr. Newbury's insistence 
on the importance of basing the course on the environment and on using 
home-made apparatus : his concrete suggestions will be welcomed. 

He has also included a chapter on tlie school application of small scale 
apparatus, which progressive teachers are beginning to use. The saving 
in cost together with the greater safety and neatness of these methods make 
them very attractive. 

Mr. Newbury registers critical approval of a modified heuristic method 
of teaching. It is rather a pity, however, that he speckks so much of the 
“ Heuristic Theory," It might have been preferable to insist more on the 
essential need for introducing into all Science teaching a definite element of 
enquiry, rather than warning people against following blindly the heuristic 
ideal. In any case, no one now does so, but all good teachers seem to have 
acquired a heuristic bias and their changed outlook may perhaps be counted 
as Prof. H. E. Armstrong's lasting contribution to science teaching. 

The author states in his introduction that" The chief aim of this book is to 
give practical advice, and no attempt has been made to provide an exhaustive 
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study of the general philosophical, psychological and educational influences 
aifecting chemistry teaching.** Within these self-imposed limits he has 
produced an excellent book, which may be warmly recommended. It should 
be read by all who are in any way concerned with the teaching of chemistry. 
The publishers may well be congratulated on producing at so moderate a 
price so attractive a volume. 

J. A. Lauwxbys. 

Thoughts of a Schoolmaster or Common Sense in Education.*' 

By H. S. Shelton. [Pp. 266.] (London : Hutchinson & Co. (Pub¬ 
lishers), Ltd, 1934. 6s. net.) 

This book fully deserves its subtitle, and tlie author brings to his subject 
unusual breadth of experience ; he wiis in four schools os a boy and as a 
master in twenty-five. Mr. Shelton is certainly not afraid of tackling con¬ 
troversial subjects, and he discusses at length—in a pleasant and lively 
style—^the problems of the boarding school, co-education, subject-mastera v. 
form-masters and so on. Nor does he leave us in doubt as to his own prefer¬ 
ences—he tells us exactly why he prefers day schools to boarding schools, 
why schoolmasters are unpopular and why the power of headmasters should 
be curtailed. 

Probably his most interesting theme is his considered plea for a more 
extensive school science ; that is extensive both as regards scope and as 
regards time-table importance. He realises, however, that a considerable 
cliange must take place in our methods of dealing with the subject before 
this position can be generally accepted. Most schoolmasters will agree with 
Mr. Shelton that a reform of the time-table is overdue, and all of them will 
deplore with him the academic bias which is forced on our schools by the 
demands of imiversity examinations. Again, nearly all science masters will 
approve Mr. Shelton’s argument that it is diificult to do worth-while work 
in General Science unless the subject is allotted far more time. Whether 
classicists will agree to all this remains to be seen. The book contains, 
incidentally, most interesting comparisons of the position of the teacher 
thirty years ago and now, as well as very useful and practical advice on 
science teaching and on discipline. All this will be appreciated by those 
whose experience of teaching is not yet os extensive as Mr, Shelton’s, while 
the others will find it interesting to compare notes with him. 

The book deserves to be widely read. It is an eminently sane and 
reasonable contribution to the discussions which have now been taking place 
for some years. 


J. A. Lauwehys. 
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Not many years ago the physical study of sound received scant 
attention from the majority of physicists as something of no great 
practical significance. While it is true that the late Lord Rayleigh 
gave much attention to the subject, bringing to bear, as always, 
a profound analytical ability and a genius for simple and precise 
experimentation, the general outlook on sound did not materially 
change until recent times. Wireless, broadcasting, telephony, the 
gramophone, and architectural acoustics now provide outstanding 
illustrations of the degree of significance which the subject has 
since acquired to the civilised world. These developments are 
largely bound up with research developments made possible by the 
replawment of the sensitive flame and the Helmholtz resonator 
by the microphone, the thermionic valve, and the electrical resonat¬ 
ing circuit. Sound has simultaneously expanded its terminology, 
a glossary of which has been recently completed by a Committee 
of the British Standards Institution. 

Sounds and noises are of course made up of mixtures of pure 
notes of various intensities and frequencies. The quality of a 
sound is boimd up with its composition, the low notes usually giving 
volume, while the high notes give character (just as they do in 
speech) and are the ones by which we identify sounds. The extreme 
frequency range of the ear is from say 20 to 20,000 cycles per second, 
the upper limit declining substantially with advancing years. 
Present-day technical acoustics confines itself, however, to a narrower 
range, from say 60 to 10,000. Sounds also possess physiological 
and psychological characteristics, pitch, timbre and loudness being 
essentially subjective features. 

It may here be remarked that the composition of a sound when 
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it reaches the hearer may differ appreciably from that which it 
had to begin with. For example, the high-pitched components 
of traffic noises may be reflected by hedge-rows or trees while lower 
notes pass through or round, so that, to a limited extent, trees may 
form a useful muffler of street noises. Furthermore the high- 
pitched components of a sound may be abnormally absorbed by 
passing over different types of ground, or by the air itself if it is 
humid. Knudsen has shown that the nitrogen in the air plays no 
part in this, but that the effect is due to interaction between the 
oxygen and water molecules. He estimates that if we lived in an 
atmosphere of oxygen with a humidity of about 20 per cent., the 
high notes of the violin and piccolo would be completely inaudible 
50 yards away. Incidentally he obtained similar abnormal ab¬ 
sorptions of sound when the water was replaced by alcohol, benzene, 
acetylene, hydrogen, or sulphuretted hydrogen. 

Sound and Noise 

Dictionary writers and others have long endeavoured to preserve 
a distinction between sound and noise, but mostly from a psycho¬ 
logical point of view. Any sound made by somebody else is liable 
of course to be regarded as objectionable, but usually the listener 
is much influenced by background, environment, or force of associ¬ 
ation. Even weak sounds, if they are not familiar or not under¬ 
stood, may excite fear, especially if they are ambiguous in direction. 
Sudden sounds which are needlessly loud, excite annoyance at the 
unreasonableness and the unjustifiable intrusion. On occasion, 
sounds not in themselves particularly objectionable, may mask or 
obscure sounds which are important or are of interest and so engender 
a feeling of irritation or stultification. Again the sheer monotony 
of the sound of an electrically maintained tuning fork may become 
exasperating to a degree—be the note ever so pure. 

It is perhaps not safe to generalise in matters of psychology, 
but in developing the notion that noise is sound which is unwelcome, 
we must take cognizance both of the hypersensitive to whom noise 
is an abounding source of irritation and of those at the other extreme 
who seem entirely immune to noise and cannot tolerate reasonable 
silence. It is plain, however, that the appraisement of sound as 
noise is a purely personal matter and that a collection of people 
are not likely to agree among themselves that a particular sound 
is a common nuisance. The British Standard definition of noise— 
sound undesired by the recipient **—epitomises the matter ; and 
a definition on these lines will probably accepted internationally. 
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The Measurement of Sound and Noise 

Man has developed very many and ingenious ways of making 
sounds and noises, for example in musical instruments. In many 
cases the amount of energy expended is only small and as the 
process is usually very inefficient, the noise being only a small by¬ 
product, the actual power of the noise itself may be only triffing. 
For example, if we let a steel ball drop on a table, or clap our hands, 
only about 1 part in 1000 of the energy dissipated goes into sound. 
We can do better than this, however, in the case of motor horns, 
where the efficiency is of the order of a few i>er cent., being much 
the same for bulb and electric horns. The coil-driven cone type 
of loud speaker used in domestic wireless sets has an efficiency of 
about 3 per cent., but this figure is raised to 30 per cent, or more 
with the high-efficiency loud sj>eakers used for talking-pictures. 

The actual powers of some familiar sounds are interesting. The 
acoustic output of a motor horn ranges between about ^ watt or 
less for a bulb horn and about 1 watt for a powerful electric type. 
An orchestra of 75 players has a normal output of about J watt 
(the bass drum claiming some 60 per cent.) which may rise to 50 
watts in stirring passages. The loud speakers used for talking- 
pictures may operate at a few watts, while ship’s sirens and fog 
sirens attain figures in the region of a horse power. By comparison 
the human voice is very weak, reaching in normal use only about 
10 microwatts. This only increases 100 fold even when shouting. 

The Measurement of Intensity 

The measurement of the small energies commonly concerned 
in acoustics offers no great difficulty to the microphone and amplifier 
plus a suitable rectifier and microammeter. The choice of micro¬ 
phone depends on the circumstances. Moving-coil, ribbon, con¬ 
denser and crystal microphones all have their uses. The sensitivity 
of piezo-electric microphones is low but the response curves are 
remarkably uniform, and it is pleasant to contemplate an effect 
which was known to Coulomb as long ago as 1780, finding still 
another sphere of application. As regards the absolute calibration 
of microphones, we rely largely on the Rayleigh disc, such work 
demanding a heavily lagged room and the resources of a standardising 
laboratory (Plate I). 

The amplified microphonic current can be turned to account in 
divers wajrs—it will light a lamp or turn a motor like any other 
alternating current. It can act as a noise-alarm meter, or if joined 
to a cathode-ray oscillograph it will display the wave form of a 
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noise. When dealing with complex noises, however, the inter¬ 
pretation of such wave forms is usually not convenient in practice, 
and the composition of noises is normally revealed more readily 
by other means. 

The Analysis of Sound and Noise 

The analysis of a complex sound involves the determination of 
the frequencies and magnitudes of the various components which 
it contains—the splitting up of the sound into its spectrum. The 
methods which are used for this purpose in optics are not directly 
applicable to the case of sound owing to the enormous diflferenco 
between the wave lengths in the two cases, and to the fact that, 
whereas the frequencies of tl)e visible spectrum cover a range of 
about one octave only, the frequencies of sound to which the ear 
responds cover a range of some ten octaves. 

For the analysis of sound, the earlier experimenters used 
acoustical resonators which could be tuned to respond to the different 
components present in tlie complex sound. With the development 
of the electrical technique of sound measurement, improved methods 
have been devised. In aU these the oscillatory pressure variations 
which constitute the sound are first converted, by means of a micro¬ 
phone, into corresponding electrical oscillations ; and the problem 
is reduced to the analysis of a complex electrical oscillation, a 
process which may be effected by tuning or filtering circuits or 
by the use of a search or heterodyne tone. 

Steady complex sounds are readily analysable and yield line 
spectra, but the matter is not so simple with transients which are 
acoustical impulses starting suddenly and dying away rapidly. 
Examples of transients are speech (and in particular certain con¬ 
sonants like p and 6), whip cracks, rifle shots, blows, foot-steps, 
hand clapping, percussion instruments, e.gr. the piano, drum, and, 
in a lesser degree, most musical instruments. All such impulsive 
sounds are found to be largely of the band spectrum type with 
superposed line spectra and nearly all contain very high frequencies. 
Noise analysis may be of particular service in studying machine 
noises as a means of tracking tlie source of an offending component. 
Synthesis of sounds is also possible. 

The Mkasubement of Loudness 

We come now to the major question of noise, that is the measure¬ 
ment of loudness, and to what extent it is determined by etiergy. 
And as loudness is a subjective effect, in the appraisement of 
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which the ear is the sole arbiter, we shall do well to recall some of 
the peculiarities of the ear. 

(а) Even for pure tones in free air it has been established by 
Kingsbury and others, that only when the intensity ^ is high, do 
loudness and intensity keep even approximately in step as the 
frequency changes. At moderate intensities the ear is more sensitive 
to medium frequencies than to equally intense high or low fre¬ 
quencies. At feeble intensities the selectivity of the ear is still 
more pronounced, the sensitivity being much greater for medium 
frequencies than for equally intense high frequencies, and very 
much greater than for equally intense low frequencies. Equal 
increments of energy do not in fact produce equal increments in 
loudness at different levels. 

(б) The thresholds of hearing and the threshold of pain are very 
different for different frequencies. The range of intensity with 
which the ear can deal is relatively restricted for high and par¬ 
ticularly for low notes, but for medium pitch notes the intensity 
range is enormous, amounting to 10^* fold. 

(c) In the case of complex sounds the loudness depends upon 
their character; and, in general, we find we cannot estimate the 
loudness from the known energy—loudness relations of the pure-tone 
components. 

It is clear that while loudness and intensity are related, we 
cannot evaluate the aural judgment of loudness by means of an 
energy meter. We meet the difficulty by setting up a reference 
standard of comparison in the shape of a pure tone of specified 
frequency operated under specified conditions by a specified amount 
of energy. The British Standards Institution specifies a pure 1000 
cycle tone as standard, and in view of the enormous energy range 
of the ear, the intensity is expressed in decibels above an arbitrarily 
chosen zero ** of 0-2 millidyne per sq. cm., a value which is near 
the threshold of hearing. If the reference tone is operated at n 
decibels above this zero under free-air conditions, it is said to have 
a loudness of n phons. 

The reader may be reminded that a ‘‘ belrepresents a 10 fold 
increase in energy, while each “ decibel ** signifies roughly a f 
increase (i.s. antilog. 0*1), two decibels a (|)® increase, and so on. 
Various “ zeros ’’ have been employed in the past, e.g. 1 millidyne 
per sq. cm., which results in numerical values of loudness some 14 
phons less than with the British Standard zero. In Germany the 

^ The “ intensity at a point is the normal sound energy flux per unit 
area in a progressive wave. The intensity is proportional to the square of 
the r.m.s. value of the sound pressure at the point. 
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zero used is 0-0003 dyne per sq. cm., but as there is a difference in 
the methods of listening, the British and German scales of loudness 
are probably undistinguishable. The scale used in America agrees 
with the British. 

In assessing other sounds or noises, whether simple or complex, 
we speak of an ‘‘ equivalent loudness,” that being the value in 
phons of the reference tone when it appears to the ear to be equal 
in loudness to that of the sound to be measured. 

The following table sets out the British Standard scale in simple 
form :— 


British Standard Scale of “ Egiri valent Loudness 

Standard tone . . 1000 cycles per sec.; plane wave in free air. 

Zero .... 0 0002 dyne per sq. cm. (near threshold of audibility). 

Listening . . .With both oars ; observer facing source. 


Intendty of Stumiard Tone 





Loudness of 
Standard Tone 
in Phona. 


In Termii of 
the “ Zero ” 
InteiuUty. 

In Decibels 
above Zero. 

Popxilar 

Description. 

1 

10 

0 

10 

0 

10 

1 Silence 

10* 

20 

20 

] 

10* 

30 

30 

> Quiet 

10* 

40 

40 

J 

10» 

60 

60 


10* 

60 

60 

yModerate 

10’ 

70 

70 

J 

10« 

80 

80 


10* 

90 

90 

[ >Loud 

101® 

100 

100 

jj 

10“ 

110 

110 

"i 

10“ 

120 

120 

>Very loud 

10“ ! 

j 

130 

130 


Two points may be mentioned in regard to the phon scale. The 
first is that many workers in the past have been in the habit of 
using the decibel to express both intensity and loudness. This 
practice although often interpretable is slipshod and is to be depre¬ 
cated in view of the foregoing. The B.S.I. recommends that the 
decibel should be restricted to energy measurements. 

The second is that the phon scale is objected to in some quarters 
because it does not interpret numerically one’s sensations of loudness, 
a phon at the top of the scale meaning much more than it does 
at the bottom. While this is not contested, does it really msttter ? 
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We do not expect a bowl of water at 90® F. to feel twice as hot as 
at 45® F., neither need we expect 90 phons to sound twice as loud 
as 45. We buy screws, nails, wire, rashers of bacon, shoes, buttons, 
by unfamiliar scales some of which arbitrarily ignore common 
relationships. It is all a question of experience, and while a scale 
of equivalent loudness in phons may not be subjectively ideal, it 
does rest on a sound physical foundation and on the admitted ability 
of the average individual to match equality of loudness. 

Noise Meters 

There are a number of commercially available noise meters on 
the market, some of them portable. They consist of two main 
types, each requiring to be calibrated against absolute standards. 

(а) Subjective Noise Meters which depend on the equality match¬ 
ing of the loudness of the noise, as heard by the ear, with a reference 
tone (usually a pure tone of specified frequency and of an adjustable 
range of intensity) as heard in a telephone earpiece held tightly 
to one ear. A masking procedure can also be employed. The tone 
of the subjective meter may be produced by an electric buzzer, 
valve oscillator or other means, various frequencies being used in 
practice (Plate II, Fig. 2). 

Subjective meters are useful for certain purposes, but the aural 
judging of equality of loudness of the standard tone and of a noise 
very different in character is not always easy. Individuals are 
found to differ widely in their judgments and the same individual 
is not always consistent. A team of experienced observers is 
usually employed when higher accuracy is desired. The difficulties 
are increased in the case of unexpected or short-lived impulsive 
noises. 

(б) Objective Noise Meters .—These are microphone-amplifier 
instruments usually arranged to be direct-reading. Their use 
depends on the fidelity with which they can be constructed to 
simulate the selectiveness and response of the ear in different cir¬ 
cumstances. This is done by interpolating in the circuit an electrical 
network, the constants of which are adjusted until the same meter 
reading is obtained from steady pure tones of different pitches which 
sound equally loud to the ear, whatever the pitch. The instrument 
may be designed to simulate the ear in other respects, for example 
in not giving a full reading until a steady sound has persisted for 
about ^ second and also in dealing faithfully with intermittent 
sounds whether isolated impulses or rapidly recurrent. Not all 
commercial instruments have these refinements. Plate II, Fig. 3, 
shows one designed at the National Physical Laboratory. 
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Ab regards the general question of the adequacy of objective 
meters as loudness measurers, the experience of responsible authori¬ 
ties in Germany, the States and this country is that objective 
instruments of appropriate design and properly calibrated will, in 
suitable cases, give meter readings corresponding to average aural 
judgment. While universaUty of application cannot at present 
be claimed for such instruments, their practical convenience may 
often outweigh their theoretical imperfections. They do not require 
trained observers and will deal with noises of a type which do not 
give time for aural judgments of equality. 

Noiskb in Evebyday Life 

There are many miscellaneous sounds in life which are a potential 
source of annoyance to someone, but it is possible to touch on only 

Approximate loudness levels of common noises. 
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a few. During the last few years the loudness levels of many types 
of noise have been determined by the National Physical Laboraitory. 
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Some of them are shown in the noise thermometer,’’ illustrated 
in Fig. 1. 


Road-transport Noises 

Road-transport noises are much in the public mind at the 
moment and are at present the subject of enquiry of a Ministry 
of Transport Committee. The major components of motor vehicle 
noises are those from the exhaust, engine and transmission, though 
from the point of view of the public it is the “ over-all ” noise 
which matters. For vehicles fitted with pneumatic tyres there 
does not seem to be much to choose, from a noise point of view, 
between present-day road surfaces of good quality. Tyre noises 
are not very conspicuous except at moderate speeds or on a wet day. 

One’s general impression is that the average motor vehicle is 
quieter than it was a few years ago. Few things have had more 
attention showered on them from the industry which as a class 
deserves great praise for its efforts to secure quietness. This applies 
particularly to private cars, a large percentage of which on the 
road to-day are unobjectionable from the point of view of noise 
when normally used. The flexible mounting of engines, the counter¬ 
balanced crankshaft, silent gearing, the straight-through type of 
exhaust silencer are all major contributions. In the matter of 
exhaust silencing certain motor-car constructors have achieved 
remarkable perfection. 

The newer designs of buses are attractively quiet, and the 
replacement of the tramcar by the trolley bus has been an acoustic 
boon. Complaints are, however, still frequent of certain lorries, 
motor-cycles, and sports cars. It is admitted that the last two 
have hitherto had to cater largely for a section of the public which 
revels in noise, but the suppression of the flagrant offenders will 
come about if the recent recommendations of the Ministry of Trans¬ 
port Committee are given eflfect. 

While the growing volume of road traffic is a potent factor in 
the noise problem, the ever-increasing speed of individual vehicles 
is no less important. There can be no doubt as to the beneficent 
value of the Minister of Transport’s 30 m.p.h. speed restriction in 
built-up areas. Recent measurements conducted by the National 
Physical Laboratory for the Ministry show that the overall noise of 
vehicles is largely conditioned by their engine speeds, that is if their 
exhausts are adequately silenced. In most cases, vehicles which 
are exceptionally noisy at maximum road speed have unusually 
high maximum speeds. 

The noise of a vehicle heard in the open depends of course 
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on its remoteness and, to a less degree, on its environment. For 
a vehicle in an open space free from buildings, etc., the rate of 
diminution of the average noise with distance appears to follow 
the inverse-square law fairly closely. In a tunnel or garage the 
law does not hold and a vehicle always sounds louder than in the 
open, the noise level being built up by multiple reflection. To a 
pedestrian, a car passing from an open square to a narrow street, 
sounds but little louder, but the driver of the car may experience 
an appreciable increase in the noise of his engine, exhaust or tyres 
by reflection from the walls of the street. Most drivers will have 
noticed how the high-pitched components of the noise from their 
cars are reflected to their ears as they pass quite minor way-side 
objects such as tree trunks, telegraph poles or lattice fencing. 

Multiple reflections account of course for much of the noise 
discomfort experienced by the occupants of the upper stories in 
busy narrow streets : this would be largely mitigated if high build¬ 
ings on opposite sides of a street were not built directly facing each 
other. The effect is well known in New York where wise visitors 
book rooms in certain hotels at as high a level as possible, or at any 
rate above a “ set back ” or a parapet in the building. Bedrooms 
and rooms where quiet is essential should of course be at the backs 
of houses. Perhaps we ought to build our houses face about. 

To come now to the question of motor horns, a subject to which 
the Minister of Transport not long ago made a valuable practical 
contribution. His beneficent suppression of horn hooting at night 
has taught many people to drive more quietly in the daytime 
also. Many will agree that certain motor horns are acoustic atroci¬ 
ties and should not be permitted anywhere. Stridency of blast 
of a horn does not make for safety but rather leads to exasperation 
or downright fear. The National Physical Laboratory has con¬ 
ducted measurements on motor horns for the Ministry of Transport 
and found that stridency is mainly due to sheer loudness and the 
presence of high-pitched components particularly when they are 
unrelated. There seems no doubt that further legislation with 
regard to motor horns would be in the public interest. 

Abatement op Noise 

Complaints against noise, and regulations to abate it are as 
old as civilisation itself. Juvenal (a.d. 47) writes of sleep being 
impossible in Rome owing to the noise of herds of cattle and the 
rumbling of waggons in the narrow winding streets. The clatter of 
the medieval town provoked many restrictive regulations. 

In the Middle Ages noisy occupations were zoned. It was inled 
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in Halle that a goldsmith might not live next to a professor since 
he disturbed the professor by his hammering while the latter by 
his learning enlightened the world. We find embargoes on nocturnal 
horn blowing and wife beating in Elizabeth’s reign. A well-known 
picture of Hogarth’s illustrates the tumult of the streets in 1741. 
Complaints of the noise of stage coaches and sweep’s cries were 
common in the early nineteenth century. It is only in present 
days, however, that the question of noise abatement has assumed 
social and industrial significance. In some countries there are 
now severe prohibitions against noise, while under Acts of ParUa- 
raent in this country the production of certain noises at certain 
times and in certain places has become an indictable offence. 

In considering ways and means of abating the noise received 
in a particular place we may take notice of one or two guiding 
principles. First of all we must consider if there is more than one 
contending source of noise ; if so, owing to the characteristics of 
the ear, the overall noise will be dominated by the loudest com¬ 
ponent, and no appreciable improvement will follow until that 
particular one is reduced. This is illustrated by the fact that a 
similar second component equally intense would only add 3 phons 
to the overall loudness, while a noise 10 decibels less intense would 
contribute less than half a phon to the total. As soon as the loudest 
component is sufficiently quietened then the next loudest (or the 
next most important path of communication) must be tackled, 
and so on. 

The second principle is that the extent to which a particular 
noise needs to be abated depends, as already remarked, on the 
background. It is no use spending time and money xmduly quieten¬ 
ing a particular machine intended for use in a somewhat noisy 
environment. Almost any machine will sound quiet in a forging 
or punching metal shop for instance. 

General Methods of Noise Abatement 

There are two main methods of attacking the problems of noise 
abatement. 

(1) Reduce the noise at its source. 

(2) Render less effective the lines of communication : 

(a) By introducing discontinuities in the paths of structure- 

borne noise and vibration. 

(b) By interposing barriers in the paths of air-bome noise. 

(c) By applying absorbents to both the source and re* 

ceiving regions. 

(d) By eradicating resonance effects. 
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The first method, that is to reduce substantially or completely a 
noise or vibration at its source, particularly when it is unnecessarily 
excessive, is much the most effective plan when it can be carried 
out, which unfortunately is not always possible. The engineer is, 
however, beginning to realise that when a noise is clearly a common 
nuisance he should stop generating it and not rest content with 
merely smothering it. His achievements with the engine and gear¬ 
ing of high-class motor cars show what he can do by scientific 
design and careful manufacture. We can now buy not only silent 
cars but silent typewriters, silent electric motors, silent switches 
and so on, but there are many other things which the Anti-Noise 
League is trying to make the public realise it has the right to 
demand. 

As regards the second method, we can best illustrate the prin¬ 
ciples in question by their application to quiet housing. 

Quiet Housing 

One of the great social inconveniences in present-day life for 
large numbers of people is the lack of quietness which modern 
building design and materials have brought in their wake. The 
modem house does not protect us from noises, whether from within 
or without, like the more solid houses of a generation ago. One 
caimot escape from the neighbour's wireless, gramophone, vacuum 
cleaner or bathroom or even his conversation. The problem is 
accentuated in the case of the many large blocks of flats wWch 
are being erected all round us. The question of acoustic isolation 
for the occupants receives little or no attention in the majority 
of cases ; and it is a common source of complaint that purely 
local noises, such as tapping, can be heard throughout the length 
and breadth of large buildings constructed on modern lines. Yet 
architectural acoustics is no longer shrouded in mystery and empiri¬ 
cism, but is a science of which some of the physical principles 
are well established, and the practical outcomes are often pre¬ 
dictable. A good deal can, in fact, be done to mitigate the noise 
nuisance in buildings, but such steps are best taken during the 
designing. Remedies applied after erection are likely to be less 
satisfactory. 

Despite his present predilection for homes contrived in the 
closest three dimensional packing we must concede the inalienable 
prerogative of the flat dweller to make a reasonable amount of 
noise on reasonable occasion in his own domain. He must be 
allowed to turn on his wireless and gramophone but he should be 
under strict obligation not to annoy his neighbours. His children 
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must be allowed some of that acoustic exuberance which is part and 
parcel of the life of the happy and thriving adolescent. 

The situation lies largely with the architect who, in his desire 
to keep step with progress, has discarded vital discontinuity of 
structure and poorly conducting materials in favour of the mono¬ 
lithic structure and good conducting materials which moreover 
have been decreased in thickness and weight. The steel-framed 
and ferro-concrete building, cement mortar, very hard bricks and 
hard plaster, to say nothing of central heating, running water and 
other piping, have replaced the softer brick-work, lime mortar, 
lime plaster, wooden beams, joists and studding and localised piping 
of the older houses. No one pretends of course that we can go back 
to the old methods, but we can, at any rate, graft on the new struc¬ 
tural designs certain features which, however undesignedly, were 
present in the old. 

The noises which reach a room, whether by direct or circuitous 
paths, consist of two classes : 

(1) those which travel by air ; 

(2) those which arrive tlmough the structure of the building. 

In the case of walls, air-borne sounds are of the greater sig¬ 
nificance, but in the case of floors, structure-borne noises, such as 
arise from impacts, constitute the major nuisance. Both classes 
of noise are being studied in the now Acoustics Laboratory at the 
National Physical Laboratory. 

Aik-bokne Noises 

Plat-e II, Fig. 1, shows the transmission room at the National 
Physical Laboratory for studying the transmission of air-borne 
sounds by partitions. In the case of a single homogeneous barrier, 
it is established that the insulation to air-borne sounds is roughly 
proportional to the logarithm of the weight per sq. foot (Fig. 2). 
High notes are easier to stop than low. The relation is of coxirse 
vitiated by the presence of cracks or badly fitting joints. 

We see from the shape of Fig. 2 that an air-separated double 
partition is likely to have advantages over a single partition of the 
same total weight. Recent experiments at the National Physical 
Laboratory show that some 5 to 10 decibels superiority may result 
if the double partition is properly designed. 

Stkuotubb-bornb Noises 

It is a matter of common experience how well most solids con¬ 
duct sound; and many present-day building materials are no 
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exception. According to Meyer, the intensity of a medium pitched 
note is only damped by about 1 decibel after conduction through 
1000 yards of steel. Concrete is about 20 times a better insulator 
and wood about 50 times. 

The arresting of structurally transmitted noises and vibrations 


Transmission of air-borne sound {mean, 200- 2000 
cycles per sec ^ throuyb single homogeneous tualls. 




Fiq. 2. 


is not an easy matter, the accepted remedy being discontinuity 
either complete or more usually in the form of insulation of some 
kind. The ideal insulator is free from damping and of such re¬ 
silience when correctly loaded that its natural period is several 
times that of the disturbance it is desired to arrest. The principle 
finds application in the quietening of pumps, refrigerators, eto.> in 
the basements of buildings, commercially available isolating devices 
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being obtainable of cork, rubber or insulated metal springs for 
heavy machinery. For still heavier loads like the foundations of 
buildings, anti-vibration pads of lead, asbestos and steel have been 
used. 

An even more important aspect from the point of view of the 
flat dweller is the insulation afforded by the floor above him against 
footsteps and similar impact noises. Recent observations at the 
National Physical Laboratory show that a blow on a bare hoUow- 
tile or solid ferro-concrete floor sounds virtually as loud below 
the floor as above it, and that quite trifling impacts on the floor 
can readily be heard in a room below. 

It would appear that the most promising solution is likely to 
result from the addition of a second barrier, much as in the case 
of the double partitions. Such a floor finish might take the 
form of 

(1) a superposed or floating ” floor supported on the structural 

floor by properly designed and correctly loaded insulators 

or insulating material; 

(2) a suspended ceiling supported from the structural floor or 

the side walls by properly designed insulators ; 

(3) the common but less effective expedient of a resilient floor 

covering such as rubber, cork lino, or carpet. 

For the purpose of floor measurements, on impact machine 
has been designed at the National Physical Laboratory in which 
weights, faced with any desired material, fall freely under gravity 
and so impart a succession of steady blows to the floor under test. 
To give the observations greater practical significance, the energy 
of each blow is of the same order as that of the heavy footstep of a 
man, i.e, about ^ ft. lb. The value may be no more than ^ ft. lb. 
for a girl. It does not appear, however, that the force of the impact 
is very critical, as the degree of attenuation introduced by a floor, 
although dependent on the character of the blow, is not greatly 
affected by its energy. These researches are not 3ret complete, 
though progress is being made in the direction of floating floors. 

Absoeption of Noise 

In the case of noise which is generated within a room or has 
succeeded in entering it, the sound waves ore reflected by the walls 
and other solid surfaces in all directions until they are finally 
absorbed. A hard-plastered wall is a better reflector of sound than 
most mirrors are of light; and so, sound waves may travel for miles 
in large and empty rooms before dying away. This process takes 
an appreciable time—several seconds in extreme cases—and the 
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effect heard, termed “ reverberation,” is due to the continued suc¬ 
cession of reflected waves which reach the ear. In such rooms the 
noise level may build up to an uncomfortable degree. The remedy 
is to increase the absorbent in the room, whether carpet, heavy 
curtains, upholstery or one or other of the absorbents now com¬ 
mercially available for application to walls and ceilings, the latter 
position being specially advantageous in many noisy rooms. 

The coefficient of absorption, that is the amount of absorption 
per unit area of a material for a particular frequency, depends upon 
its size, thickness, backing, distribution, etc. At the National 
Physical Laboratory, measurements are made in a reverberation 
room on 100 sq. feet of material, under as strictly specifled con¬ 
ditions as possible. 

Good sound absorbents are characterised by the presence of 
small interstices or crevices ; and certain materials previously sold 
as heat insulators have found a second market as sound absorbers. 
The absorption of high-frequency notes is a relatively easy matter, 
but low-frequency absorption is more troublesome, requiring sub¬ 
stantial thicknesses of absorbent and air spacing behind. Indeed 
at all frequencies, the effectiveness of sound absorbents is usually 
increased by mounting them on battens or studding rather than 
against the actual wall surface. 

One other feature of acoustic absorbents is that the same area 
of absorbent is often more effective when distributed in a number 
of isolated patches round a room than in one single large patch. 
It may be noted that certain aerated piasters and tiles are designed 
to give a masonry finish. Many soft absorbents such as felt, 
asbestos, slag wool, etc., usually require a surface covering of some 
kind for appearance sake. This must be sufficiently porous to 
allow the sound free access to the underlying absorbent. It appears 
that a perforated hard surface in which the perforations occupy 
only a few per cent, of the total area transmits practically all the 
sound incident on it. When a fabric covering is used the per¬ 
forations may be reduced to pin-pricks occupying less than 1 per 
cent, of the area without appreciable detriment to the absorption. 
The pin-pricking may be done after the fabric has been distempered 
or otherwise decorated. 

As regards floor coverings, neither cork nor rubber carpet is a 
*good absorbent of air-bome sound. A thick carpet is substantially 
more absorbent than a thin, and in either case the use of a felt 
underlay is well worth while. 
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Th» Plat of the Future 

If one may venture on prophecy as to the future construction 
of flats to meet acoustic requirements, it would be something on 
the following lines : 

1. If the steel frame and ferro-conCrete types of construction 
persist, aa seems probable, discontinuity or insulation in some form 
will be introduced either 

(а) into the structural framework, which in many cases may be 

difficult or impracticable ; or 

(б) into the boundaries of the individual rooms, e,g. all walls 

and floors will be virtually double, the several components 
being adequately insulated from each other and from the 
structural framework. 

2. Ceilings of rooms will be absorbent; possibly also the upper 
parts of walls. 

3. As the problem of the open window is not likely to be solved 
satisfactorily, artificial ventilation (with air conditioning) employing 
sound absorbent ducts will be available whenever conditions render 
it obligatory to close the doors and windows of a room whether 
because of noise within or without. Doors and windows will be of 
a well fitting type and windows will be double or of heavy glass. 

The above will serve to illustrate some of the acoustic problems 
which are being studied at the National Physical Laboratory. It 
wiQ be appreciated that for much of the work a high degree of 
acoustic isolation is essential, and to this end the new acoustics 
laboratory was given unusual structural features. Each of the 
experimental rooms consists of a double shell—double floors, double 
ceiling and double walls—the inner room being completely free of 
the outer room except where it rests on cork pads on concrete piers. 
The walls are massive and the entrance doors are of thick steel. 
The inner room weighs some 150-200 tons, and should the cork pads 
ever deteriorate under the load and require to be renewed the 
entire room can be lifted for the purpose by hydraulic jacks. 

It is with the aid of such facilities that the Laboratory has 
already been able to make material contributions to the study of 
sound transmission, reflection and absorption, and to carry out 
tests of the acoustic merits of commercial materials and structures, 
in an ejflbrt to assist the architect, and to meet the demands of the 
general public. 


X>2> 



THE EARLY HISTORY OF PHOSPHORUS 

By J. R. PARTINGTON. D.Sc. 

Profe$$or of Chemiitry in the UnivtnUy of London^ Queen Mary College 

The accounts in the text-books of the discovery and early history 
of phosphorus are rather unsatisfactory and contradictory ; the 
following statements are based on material which came to my notice 
some years ago in preparing my paper on the early history of hydro¬ 
fluoric acid ^ which was then equally obscure and contradictory. 

Since I have had all the rather rare documents at hand, I have 
made use of them in clearing up some disputed and doubtful points 
in the history of phosphorus. It seems best to begin with and 
work round the account given by Kunckel (or Kunkel, as he variously 
wrote his name) in his posthumously published Laboraiorium 
Chymicum.^ Since Kunckel died in 1703, this account must have 
been written not later than then. He mentions Thumeysser (1530- 
96) as living in the preceding century ® and says * that he himself 
had worked at chemistry for sixty years, which (as he was bom 
in 1630, and assisted his father in his youth) would also indicate 
a date about 1700 for the composition of the book. Kunckel says 
he was in Hamburg soon after 1677 with a specimen of the recently 
discovered Baldwin’s phosphorus (phosphorescent calcium nitrate). 
This date is certainly incorrect, since, as will be shown below, 
Kunckel had in 1676 given an account of the new phosphorus which 
he saw in Hamburg, and in that year a description of it was published 
by two different authors, Kirchmaier (who obtained his information 
from Kunckel) and Elsholtz. The date 1677 is, therefore, almost 
certainly a mistake for 1676, when the discovery of Baldwin’s 
phosphorus was announced by Christian Adolph Baldwin in his 
Phosphorus hermeticus sive Magnes luminaris^ In Hamburg, 

1 Mem. Mancheeter Lit. Phil. Soc., 1923, Ixvii, 73. 

•Hamburg and Leipzig, 1716, 666 f.; 3rd ed., Hamburg, 1738, 656f. ; 
4th od., Berlin, 1767, 601. An accurate and almost complete translation of 
this is given by Hoefor, Hiatoire de la Chitnie, 1869, II, 194 f., so that only 
a summary is now given. All the editions agree, including the date 1677. 

•J6td., 1716, 627. ^ Ibid., 1716, 161. 

• AmstelodamiB apud J. Janssonium, 12mo, 1675 ; see later under Boyle. 
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Kunokel was told that another phosphorus, which shone perma¬ 
nently in the dark, had recently been discovered by a Dr. Brand, 
a ruined merchant who had turned to medicine. He obtained an 
introduction to Brand, whom he calls a Doctor Teutonicus who knew 
no Latin ; when his child had fallen on its face he advised him 
to apply some oleum cerae, but Brand did not understand, asking 
“ in good Hamburg,” os Kunckel says : “ Wat is dat ? ”, and on 
being told, saying, “ Sii, fii, dat is ock wahr, ick bedacht mi nich 
so balde.” Brand was not an educated man, and probably had 
no medical degree. 

Kunckel saw the only small specimen of this phosphorus which 
was available, which Brand had given to a friend, but between the 
two persons Kunckel was unable to learn the process. Kunokel 
then wrote to his friend KrafFt at Dresden, and the latter, without 
his knowledge, came post haste to Hamburg and bought the secret 
from Brand for 200 thalers (about £37) whilst the latter was still 
negotiating with Kunckel, on the condition that Kunckel should 
not be enlightened. Kunckel did not even know then that KrafFt 
was in Hamburg, and Brand, who seems to have felt some com¬ 
punction for what he had done, told Kunckel, and also a woman, 
that the substance was obtained from urine. Kunckel, on his 
return to Wittenberg, set to work, and in a few weeks he had obtained 
phosphorus. He says he had accidentally met KrafFt in Hamburg, 
and the latter advised him not to waste his time negotiating with 
Brand. 

Kunokel prides himself on having first obtained the phosphorus 
as clear as crystal, but lie ceased to make it, as much evil can arise 
from it. Thus, he says, he leaves the whole story for the time 
when it will be forgotten and others will dispute who was the first 
discoverer. He is willing to give to Cassius the credit for the dis¬ 
covery of gold ruby glass, but he will not be denied the honour of 
the independent discovery of phosphorus. The whole story bears 
the impress of truth. 

The first published account of phosphorus was made in 1676 
by Kunokel’s friend, Georg Caspar Kirchmaier, a professor of 
rhetoric at Wittenberg and a copious theological author. His 
dissertation ^ is in quarto, 25 pages, including the title page and 
blank verso. The preface is dated September 11, 1676, and Kirch- 

^NocUluca oonstans dh per vices ftdguranSt diuHssimd qucBsUa, nunc 
reperta; DisserUxtione brevi prantia de Luce^ Igne et Perennibus Lucerms^ 
Publ/iocda d Qeorgio Oaspare Kirohmagero, In Mlectorali Aoadem. WiUeberg, 
Prof PubLf Wittebergaa, Typis Matthsei Henokelii, Acad. Typogr., Anno 
M.D0.LXXVI. 
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maier says the phosphorus was first shown to him by Kunckel 
about six months before; the preparation was repeated about 
July 25, when hardly more than half an ounce was obtained by a 
strong fire continued for several hours.^ 

In the same year, Johann Sigismund Elsholtz, a German 
physician bom in 1623, wlio had studied at Wittenberg but was 
then in Berlin, published one quarto sheet in four pages entitled : 
Joan. Sigism, ElahoUii: de phosphoris quatuor observation Berolini, 
Literis Georgi Schultzi, 1676, in which he describes four kinds of 
“ phosphorus ”, ^nz, : (1) phosphorius Bononisenis (phosphorescent 
barium sulphide) ; (2) phosphorus BaJduini (phosphorescent calcium 
nitrate—“ Christ. Adolphi Balduini . . . anno 1676 peculiari libello, 
cui Phosphorus hermetico sivi Magneti luminari nomen, Orbi literato 
exposuit,” as Elsholtz says) ^ ; (3) phosphorus smaragdinus (which 
I have shown in a foniier communication ® waa fluor spar, the 
“ Bohemian emerald ”); and (4) phosphorus fulguranSy which he 
says is Krafft’s (or ordinary) phosphorus. This sheet has two 
figures in one, showing phosphorus glowing on a plate and in a tube 
open at both ends. In 1677 Elsholtz published half a sheet quarto 
at Berlin with the title De phosphoro liquido observation which dealt 
with the aqueous solution or suspension of phosphorus ; and in 
1681, also at Berlin (G. Schultz), two sheets quarto, entitled De 
Phosphoris observationes: quarum priores bines ardea jam editesy 
tertia veto prima nunc vice prodii. The first part deals with the 
four varieties of phosphorus, as in the 1676 publication, but there 
is a curious plate with three new figures ; the material of the 1677 
publication is given as Observatio secunda, de phosphoro liquiddy and 
a new section, Observatio tertia, de phos 2 )horo steUato, nubUoso df 
UteratOy appears. There are references to Kunckel. None of these 
treatises by Elsholtz is mentioned by Kopp in connection with 
ordinary phosphorus, although he refers * to the observations on 
fluor spar. Kirchmaier in 1680 published another tract, called De 
phosphoris et natura lucis, nec non de igne commenkUio epistolicay^ 

^ Sextus propemodum elapsus mensis est, ex quo signidoavit mUii primum, 
Luminis perpetui se posessorum esse. . . , Quamdiu artifex coUegerit in 
materia ritd prasparandi. jam non explanabo; id tantum oontentus inemora8ae» 
cum laborem itoraret die XXV Julii liaud ita pridem, vix ultra uncia dimid. 
eliouisse igne valido, per horas plurimas continuato. 

* Kopp, Oeschichte, III, 327, gives the date of Baldwin's discovery as 
1774, probably a misprint for 1674. 

^Manchester LU. and Phil. Soc.y loc. cit. 

*Oeschichte, HI, 367. 

^ WittebergSB apud Johannem Henricum EllingeAun Bibl. Anno clc l 30 
LXXX; one sheet of four quarto pages ; there are four copies in the British 
Museum. 
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in which, as Beckmann ^ said, he deals with the phosphorescence of 
fluor spar. This contains some letters, dated early in 1677, from 
Oldenburg, the Secretary of the Royal Society, in which he refers 
to KunckeFs phosphorus. ^ 

In 1678 Kunckel himseh gave an account of the properties of 
phosphorus in his (Effentliche Zuachrift von dent Phosphoro Mirabili 
und Deaaen leuchtenden Wunderpilulen^ In this tremendously 
verbose account, he describes two kinds, a black “ soap and 
yellow grains, and says it ceases to glow in a closed bottle. He 
makes no reference to Brand or to the method of preparation of 
the phosphorus. 

Phosphorus seems to have become generaUy known about 1677, 
and in that year (perhaps as a result of Oldenburg's correspondence) 
KralFt came to London with some specimens, which he exhibited 
to Boyle. A very interesting account of this event is given by 
Boyle himself in Hooke's Lectures arvd Collections,^ On the title 
page of this work is the statement: ‘‘ Mr. Boyle’s Observations 
made on two new Phosphori of Mr. Baldwin and Mr. Craft," as 
part of the contents, which is further evidence that Baldwin’s dis¬ 
covery was made about the same time as Brand's, and that Kjafft 
was then regarded in London as the discoverer of phosphorus. On 
p. 67 Boyle says, in an account headed : "A Short Memorial of 
some observations made upon an artificial substance that shines 
without any precedent illustration," that, after supper on Saturday, 
the 16th September 1677, he was visited by Mr. Kraft, a famous 
German ch 3 nrni 8 t, who proceeded to demonstrate the properties of 
the phosphorus preparations to Boyle and several members of the 
Royal Society. Boyle gives a graphic account of how Krafft 
unpacked and laid out his material, among which was a " solid of 
the size of a couple of pease, which he seemed to make much more 
account of than of all the Liquors and which he took out for a few 
moments to let us look upon it, whereby I saw that it was a con¬ 
sistent body that appear^ of a whitish colour." It is clear that 
ELraflft was then in possession of a fairly pure specimen of solid 
phosphorus. On September 22, Krafft came and saw Boyle alone, 

^History of InvenUona, 1797, III, 286. 

* Letter, from Oldenburg, Seo.R.Soo., 9 Feb. 1677 : ut noctiluoeB illius 
specimen, oculis suia uaurpare detur: quod quidem in perpetuam (Artifiois 
Kunckelii) memoriam & honorem monumantia auia Philosophicis inferendum 
curarent. 

* Leipzig bey Michael Kuatwurm Gedruokt. Joh. Wilh. Kruger Heraus- 
gegeben in Wittenberg, Anno 1678. 

^LeeHtres and CoUecHons made by Robert Hoohe, Secretary to the Royal 
Society, JLondon, 1678. 
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and was then able to show him an experiment which had failed on 
the 16th, viz. the ignition of gunpowder after a short interval in 
contact with a piece of warm phosphorus taken up on a quill pen. 
The demonstration made by Krafft on the 16th included several 
experiments, among them the producing of a glow on the hand 
by rubbing it with a reddish liquid, which was probably a suspension 
of phosphorus in water. Boyle does not say here that Krafft told 
him anything about the method of preparation, although this was 
probably the case, as will be seen below. This account is sufficient 
to show (if that were necessary) how inaccurate is the statement 
by Pulton ^ that: “ when Boyle heard of his [Krafft *s] activities 
he had already isolated phosphorus from human urine and proved 
to his own satisfaction its elemental nature.” 

Boyle’s interest was keenly aroused, and in the account just 
quoted he already anticipates that the new substance would be 
of importance in the study of the part played by the air in com- 
bustion, a suggestion which he communicated to Krafft, and of 
which the latter expressed his approval. Krafft was, apparently, 
a well-educated man : Leibniz (see below) says he was a doctor 
of medicine, who afterwards visited South America. 

Boyle’s first publications of his own experiments were made 
two, and three, years, respectively, after Kxaffb’s visit, in the form 
of two tracts. The first is entitled The Aerial Noctiluca, or some new 
phenornena and a Process of a Factitious Self-shining suhsiancey 
imparted in a letter to a Friend living in the Country, London, 1680, 
In this. Brand is vaguely mentioned, and it is stated that Mr. Kxafft 
had only a small amount of solid phosphorus : “ the quantity he 
had in London scarcely exceeding in Bulk the Kernel of an Almond.” 
Krafft, says Boyle, made no claim in London to be the discoverer 
of phosphorus. Boyle mentions the paper by Elsholtz (“ Elsholez ”), 
which he could not procure (he probably heard of it from Krafft), 
but does not refer to Kirchmaier. He proceeds to state that: 
“ Having at Mr. Krafft’s desire imparted to him somewhat that 
I had discover’d about uncommon Mercuries, (which I had then 
communicated but to one Person in the World), he, in requital, 
confest to me at parting, that at least the principal part of his 
Phosphorus’s, was somewhat that belong’d to the Body of Man.” 
He recounts how he spent much time in fruitless experiments : he 
experimented for many months without success until ” a learned 
and ingenious stranger (A.G.M.D. Countreyman, if I mistake not, to 
Mr. Krafft ”) told him ” something about the degree of Fire, that 
made me afterwards think, when I reflected on it, that that was the 
^ A Bibliography of Robert Boyle, Oxford, 1982, 90. 
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only thing I wanted to suooeed in my endeavotus.” It is possible 
that “ A. G.” was Ambrose Qodtey Hankwitz, who certainly 
assisted Boyle in his work on phosphorus (see below). Boyle now 
seems to have been in possession of suoh information as led him 
to behove that the process, if correctly performed, should yield 
the desired result. 

“ I would not believe the skilful laborant when he told me with 
trouble that what I expected was not at all produced. But going 
my self to the Laboratory I quickly found, that by the help of Air, 
or some Agitation of what had pass’d into the Receiver, I could, in 
a dark place (though it was then day), perceive some ghmmerings 
of light.” ” I obtained no such consistent Phosphorus as that 
whereof Mr. Krafft shew’d me.” It is clear from this that Kraffb 
did not give Boyle the full details of the process, as has been asserted 
(see below), and also that some other German besides KrafiPt and 
Kunckel, pefrhaps Hankwitz, then knew of Brand’s or Kunckel’s 
process. On p. 96 of the Aerial Noctiluca, under the heading “ Of 
the way of preparing the aerial noctiluca,” Boyle says he had 
“ deposited, seal’d up, in the hands of the very ingenious Secretary 
of the Royal Society ” the process, which may not have been the 
same as ” that was made use of by the Ingenious German Chymists 
[note the plural] in their Noctiluca ; for some inquisitive men have 
very lately told me, that the Germans mingle two or more distillable 
materials; whereas I employ’d but one matter capable of dis¬ 
tillation.” The last statement is rather refined, since Boyle actually 
used sand with evaporated urine, but then sand is not a “ matter 
capable of distillation.” The alternative possibility, that Boyle 
originally used evaporated urine alone, the addition of sand given 
in his recipe (see below) being taken from some information which 
he afterwards received of Brand’s process, is one requiring further 
investigation. 

Kopp,^ who mentions the sealed note of 1680, states that ” it was 
published in the PhiloeophiccU Transactions for 1092.” According 
to Thomson,* it was published in Phil, Trans., 1693, XVII, 683. 
Kopp goes on to give a few words on Stahl’s account (see below) 
which seem intended to suggest that Boyle’s process was pubUshed 
only after it had been generally made known. The process is 
actually fuUy described by Boyle at the end of the Aerial Noctiluca 
in 1680 (p. 106, “ The Process ”), as Hoefer,* who is often better 
informed than Kopp, already knew. Boyle evaporated human 
urine to a thick syrup, added three times its weight of fine white 

^OesOUchte, m, 339. 'History <{f tho Royal Sooisty, 1818, 401. 

* Hisloire ds la Chknie, 1848, II, 183. 
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sand, put the mixture into a strong retort, joined this to the large 
receiver in good part filled with water, and heated the retort, finally 
as intensely as possible, when the phosphorus came over. 

The second tract on phosphorus published by Boyle is entitled : 
Observations made upon the Icy Noctiluca, imparted in a letter to a 
Friend in the Country, to which is annexed a Chymical Paradox, 
London 168 In this (p. 16) he says : “ having then by processes, 
not unlike that I annexed to the Close of the Aerial Noctiluoa, 
obtain’d a Self-Shining Substance of a Consistent form ”—that is, 
having first, some time after Brand and Kunckel, obtained solid 
phosphorus—he made a large number of new experiments with it. 

This statement seems to destroy any claim made for Boyle as 
being one of the early independent discoverers of phosphorus, since 
he had then, as he tells us, received more than one hint from “ in¬ 
genious ” and “ inquisitive ” gentlemen from Germany about the 
process used there. Boyle, however, as Hoefer says,* was the first 
to publish the process (in 1680), and the experiments with phosphorus 
which he describes in the Icy Noctiluca transcend by far anything 
previously done with the material. It is no part of my intention 
to describe Boyle’s work on phosphorus: I have already pointed 
out * that his observations, with two exceptions, exhausted the 
subject until quite recent times. 

Whether Krafft actually prepared the phosphorus which he 
exhibited cannot, I think, be stated: Kunckel, at any rate, says 
that Krafft made it a condition, when he bought the secret from 
Brand, that the latter should prepare for him 1 loth (about 36 grams) 
of phosphorus, and no one, apparently, saw more than this amount 
in his possession. 

The next account of the preparation of phosphorus to bo 
published was that of Lemery, in his famous text-book. Cows de 
Chymie. It is not contained in the English translation published 
in 1677, made by Walter Harris from the first French edition (1676), 
but it is contained in full in the second edition of the English trans¬ 
lation, published in 1686, made from the fifth French edition of 
1683 (which I have not been able to see). Lemery says Krafft was 
the discoverer, and he mentions the experiments of “ Mr. Homberg, 
a German ” (see below). 

Lemery gives the prepa'*ation by the distillation of putrefied 
urine, with very minute details, and describes the properties of 
phosphorus. He says (2nd English ed., p. 630): “ the phosphorus 

'The Chymical Paradox has a separate title pa^. 

*Hi8toire de la Chimie, 1869, II, 175. 

• reset Booh of Inorganic Chemistry, 1021; 4th ed., 1088, p. 609. 
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being oold did shine when the air was pumped out of the bottle and 
the light disappeared when the air was let in/’ This is one of the 
two capital discoveries on the glow of phosphorus made between 
Boyle’s time and the present day, and Lemery shared it with Slare 
and Hauksbee. Lemery’s account of the properties of phosphorus 
is full and entertaining, and includes an anecdote which I have 
previously reproduced/ 

Although Homberg, as we see, had worked on phosphorus before 
1683, his account of the preparation was first published in the 
Mimoirea of the Paris Academy for 1692/ 

William Homberg was bom in Batavia, Java, on January 8, 
1662, and died on September 24, 1715. He was educated in 
(Jermany, and became physician to Philippe II of Orleans. His 
wife, we are told, was a capable chemist, who assisted her husband 
in the laboratory ; whether she was the woman to whom Brand 
communicated information, or not, we cannot say. The account, 
which is written in the third person and mentions Homberg by name, 
contains a history of the discovery of phosphorus which disagrees 
in several points with Kunckel’s. It says the latter worked for 
four years after Brand’s death before he discovered phosphorus ; 
that in France and England KraflFt was regarded as the discoverer, 
whereas he was really only the distributor ; and that Kunokel had 
demonstrated the process of preparation to Homberg in 1679. It 
>fli0es that Brand’s discovery was made in 1669 (which is probably 
therolfiN^ Hoefer’s statement of this date),’ and that Brand was 
an obscure man of humble origin who, in his youth, had been a glass 
maker but gave up his trade to study alchemy, a process which he 
persuaded himself could be effected by means of a liquor extracted 
from urine. In distilling urine at a high temperature he obtained 
a luminous matter in the receiver. Homberg’s own accoimt of the 
process (which is accurately reproduced by Hoefer) says he made 
use of evaporated fresh urine, the residue from which was allowed 
to putrefy in a cellar for two or tliree months before distillation. 
This detail, which would not be consistent with Kunokel’s statement 
that he had prepared phosphorus “ in a few weeks,” is an addition 
of Homberg’s and is quite unessential, as Lemery knew. Homberg 
says putrefied urine (used by Lemery) can also be used, but fresh 

^Everyday Chemietry, 1929, p. 467. 

’ Mamoirea de fnaihemcUiqtte at de phyaique, Tirez dea Reffiatera da VAoadimie 
Royale dea Sdenoea, Paris, 1692, 30 Avril, p. 74; Moni^ de faire le phosphor© 
brOlant d© Ktankel. Par M. Homberg. 

’ Mr. Fulton, in what was probably an attempt to reconcile this date with 
^t of 1077 given by Kunokel, has given it as 1067, which, as lar as I know, 
is without authority, although I am open to oorreotion. 
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is better. He gives minute details of the process. Homberg makes 
it clear that the process he describes was derived from Kunckel: 
it is the same as that described by Boyle, and, as Hoefer says,^ 
but for the fact that we are dealing with men so honest as Boyle 
and Kunckel, we should be tempted to believe that Brand, the 
discoverer, and KlraflFt, the exploiter, of phosphorus, were not so 
discreet as they have been represented to be. Boyle's own words, 
in fact, suggest some leakage of information. By 1683 both Brand 
and Krafift had been selling their secret to various people for 
honoraria as low as 10 thalers, and one Italian purchaser disposed 
of it again for 5 thalers, as Kunckel says. 

A different account of the discovery of phosphorus is given by 
Leibniz,* who reproduces a Latin translation of Homberg’s account, 
and then proceeds to criticise it. Brand, ho says, was not a glass 
maker, but a soldier who had married a rich wife and sought the 
particular process in alchemy (t.e. the conversion of silver into gold), 
which he had read in a book could be effected by means of a liquor 
extracted from urine. In an attempt to make this liquor, in 1669, 
he discovered phosphorus. Brand, in Hamburg, revealed his secret 
not only to Krafift but also to Kunckel; the latter on his return 
to Wittenberg was unable to obtain phosphorus by the process 
revealed to him by Brand, but as in further experiments he suc¬ 
ceeded, he falsely gave himself out to be the real discoverer. Leibniz 
had some personal knowledge of Brand, on which he based his 
account, but his statement about Kunckel is contradicted by the 
later account of the latter, which has been given previously. No 
one can read the works of Kunckel without concluding that he was 
a man of the most upright and transparently honest character, and 
his statement must, I think, be accepted. Leibniz in his youth was 
an intimate of alchemists and had studied the subject, so that he 
must be considered an authority; from 1676 he was librarian to 
the Duke of Brunswick-Luneburg, who was keenly interested in 
chemistry, and had an extensive library on the subject. 

Finally, there is the account given by Stahl in 1731, i.e. long 
after the publication of Kunckel's Laboratorium Chymicum and of 
Kunckel’s death. In his ExperimerUia^ observationihus animad-^ 
veraionibus CCC Numero, Chymicce et Phyaicm . . .* he says Kxaflft 

^Hiatoire de la Chimie, 1809, II, 198. 

* G.GX., f.e. the initials of the Latinised name of Gottfried Wilhelm 
Leibniz, who was acquainted with Boyle : Historia inventionis Phosphoxi, 
MiaceUanea Berdlmenaia^ 1710, I, 91-98 : I do not claim to have exhaiisted 
the material contained in this paper. 

* BeroUni, Apud Ambrosium Haude, MDCCXXXl: Svo \ p. 393. 
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had told him (Stahl) that he (Kraflft) had openly described the 
method of preparation of phosphorus to Boyle. ^ 

We are left to choose between the conflicting statements of Boyle 
and Krafft, and if we are to believe Kunokel (and there is no reason 
why we should not), we shall have little difficulty in deciding in 
favour of Boyle, and rejecting Kopp’s * innuendo in reporting 
Stahl’s account. 

Leibniz suggests that Boyle could not have possessed the details 
of Brand’s process, since his phosphorus was inferior to Brand’s, 
and this was certainly the case in 1680.* Stahl, relying on Krafft, 
says that neither Brand nor Kunckel was the discoverer * : he adds 
some interesting details of the later history of phosphorus, saying 
that when he wrote (1731) one ounce cost in England forty shilUngs, 
and in Amsterdam thirty-two Belgian florins qui sedecim im- 
periaUum numerum conficiunt ”). He also says [op. cit., 401/.] 
that in 1719 Godfrey Hankwitz of Cothen«Anhalt began to make 
phosphorus for sale ; in his youth he had migrated to England, had 
been Boyle’s assistant, and on the death of his patron had settled 
in London. Stahl suggests that Hankwitz was the assistant of 
Boyle when the latter prepared phosphorus, which may well have 
bera the case, although Boyle’s words suggest that he came into 
the work later, perhaps when the soUd phosphorus was obtained. 

Summary 

The results of the preceding discussion (in which I have con¬ 
fined the sources to those which are essential) appear to be some¬ 
what as follows :— 

1 , Phosphorus was discovered in 1674 or 1675, probably 1676, 
by Brand, of Hamburg, by a process depending on the distillation 

^ Krafltium ejus primum autorem fiiiase, tantum abest, ut etiam ipse 
hie, mihi liberaliter professus sit, se illud artifioium, a Brandio illo Hamburg- 
enae, numerate pretio, aocepisae : Omnino vero Boyleo in Anglia tradidisae 
. . . siquidom oonversatio etim Krafftio, mihi oontigit, anno 1691 ; also 
p. 402 : ab illo tempore, quo Krafftiua preparationem Phosphori Boyleo 
tradidit. 

*OeschicfUe, HI, 329. 

* Leibniz, op. dt.: oerte Boylium non nisi imperfectam desoriptionem 
naotum, ostendit ipsius de Phosphoro dissertatio, nam Phosphorus ejus hoc 
tantum a Brandiano differt, quod eat imperfeotior. 

* Op. c^., 393 : neque vero vel ipse inventor, Brandt, neque Kunkeliua, 
oum hoc prsaparato, aliquod opered auae pretium feoerunt; prior quidem, 
nundinali oommeroio impar: posterior autem, ut in reliquia suia lal^ribua, 
nullam hujua aoopi curam gerens : ’* Stahl, who was of a morose disposition, 
shows oomdiderable animosity against Kunokel in many of his works. 
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of evaporated urine. He prepared the solid, but only in small 
quantity. 

2 . At the end of 1676, or early in 1676, the process was sold to 
KraiFt by Brand, who also informed Kunckel, and at least one 
other person (a woman), that phosphorus was obtained from urine. 

3. Phosphorus was obtained in the solid form from urine by 
Kunckel not later than March 1676, after a few weeks of 
experimenting. 

4. The first description of phosphorus was published in 1676 
both by Kirchmaier, whose information was derived from Kunckel, 
and by Elsholtz, of Berlin, who seems to have been in touch with 
KraiFt. The latter pubUcation was known to, but not seen by, 
Boyle. 

6. Solid phosphorus in a pure state was exhibited to Boyle and 
others in September 1677, by Krafft, who told Boyle that it was 
obtained from “ part of the human body.” Boyle succeeded in 
1680, after some further information from a Glerman doctor, “ A.G.,” 
perhaps Hankwitz, in preparing an aqueous solution or suspension 
of phosphorus, and in 1681 had obtained solid phosphorus. In 
1680 Boyle was the first to publish the method of preparation, 
which appears to be that originally used by Brand, and is also that 
described in 1683 by Lemery, and in 1692 by Homberg, the latter 
obtaining his information from Kunckel. 

6 . The account of the discovery given by Kunckel in 1716, 
apart from an incorrect date, appears to be the true one, although 
it disagrees in part with those given by Leibniz (1710) and Stahl 
(1731), both of whom knew personally some of the persons concerned, 
and whose accounts differ from one another. 



SOME ASPECTS OF THE PLANT VIRUS 

PROBLEM* 

By KENNETH M. SMITH, D.Sc., 1 ‘h.D. 
p€iaU> Virus lUsmnh Station, School of AgrieuUure, Cambridge 

There appears to be rather a tendency on the part of botanists 
to consider the study of plant viruses a dull subject and one with¬ 
out any sure foundation in fact. It is hoped, therefore, in this 
short article to show that, on the contrary, the subject is not only 
an intensely interesting one, involving problems of fundamental 
biological importance, but is also of extreme economic importance 
and that plant virus workers really have a definite problem in hand. 

No one at the present time knows what a virus is and this un¬ 
certainty as to its nature adds, perhaps, to the interest of the study. 
In speaking of a virus, stress is usually laid upon certain properties 
which are mainly negative in character such as inability to see the 
virus with the microscope, impossibility of cultivating the vims 
on media outside the host and the fact that viruses cannot be 
held back by the usual bacteria-proof filters. Improving methods 
of technique, however, are showing that some of these qualities are 
merely relative and it is already possible to photograph some vimses 
by means of the ultra-violet light microscope and to devise filters 
which will allow viruses to pass or hold them back at will according 
to the pore size of the filter. 

In speculating upon the nature of viruses, whether of animals 
or plants, as a whole, it is well to remember that they are a hetero¬ 
geneous collection of disease agents and it is by no means certain 
that they are necessarily all of the same nature. At one end of the 
scale is the virus of Psittacosis or parrot fever, the particle-size of 
which is 250 millimicrons (1 millimicron equals one-millionth of a 
millimetre) and which is in consequence within the range of the 
ordinary microscope. This vims appears to have a definite life 
cycle and is presumably a living organism. At the other end of 
the scale is the virus of foot-and-mouth disease which has a particle- 
size of about 10 millimicrons and is only two or three times the 
^ Address to Section K, British Association meeting, Norwich. 
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size of an oxyhaemoglobiii molecule. It is diflScult to conceive 
of this as a living organism. Certain plant viruses are also very 
small, the particle-size of tobacco necrosis virus is only 20-30 milli¬ 
microns and that of a newly described tomato virus is only 17-25 
millimicrons. Again, there is the recent claim of Dr. Stanley [14j 
of the Rockefeller Institute in Princeton that he has succeeded in 
crystallising out the virus of tobacco mosaic which he considers 
to be an autocatalyti(^ protein, i,e, one which acts upon the cells 
of the host in such a w«y as to compel them to produce more of 
the same substance. 

For the present it will jx^ihaps suffice to adopt the definition 
of viruses given by Gardner f5]—“as agents below or on the 
border-line of microscopical visibility which cause disturbance of 
the function of living cells and are regenerated in the process.’' 

In this short survey of the plant virus problem, it will only 
be possible to deal with one or two of the more interesting aspects 
of the subject and it is proposed, first of all, to discuss a few of the 
symptoms produced in affected plants. Since the pathological 
effect on the plant is almost the only criterion of the existence of a 
plant virus, the study of symptoms necessarily plays rather a large 
part. There are various kinds of virus diseases which may be 
loosely grouped together as follows, the mosaic type where attack 
on the chlorophyll induces the formation of mottlings or rings 
(see Plate I, Fig. 1); the destructive type which induces necroses 
of the cells in leaves and stems, and a third type which produces 
deformities or overgrowth in the affected plants. 

Some of the mosaic viruses produce colour changes in the 
flowei^s of affected plants. Perhaps the best known example of 
this phenomenon is the so-called “ Tulip-breaking ” in which tulips 
affected with a mosaic virus produce variegated flowers (Plate I, 
Fig. 2). Certain of these tulips with variegated flowers at one time 
fetched large sums of money owing to the mistaken idea that they 
were new varieties, whereas they were in reality only diseased speci¬ 
mens of self-coloured varieties. References to this tulip “ breaking ” 
may be found in the literature of very early times. Thus, the first 
record is a description published in 1576, and other accounts of 
this variegation in tulips appeared in 1622 and 1670. It was in 
this latter account that the suggestion was first made that the varie¬ 
gated tulip might be diseased. In the Rembrandt Exhibition 
recently held in Amsterdam were paintings of tulips by Dutch artists 
of the sixteenth and seventeenth centuries, and many of these 
tulips showed a typical mosaic infection. Just recently, growers of 
the favourite blo^-red variety of wallflower have been perturbed 
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by the appearance of an ugly yellow stripe or flecking in the red 
flowers and this has led to many complaints from customers that 
their colour schemes have been spoiled ; similarly with self-coloured 
stocks [10]. The variegation in these flowers has been shown to 
be due to a virus carried to the plants by a species of greenfly from 
virus-infected broccoli or cauliflowers in the neighbourhood. 

In the writer’s opinion viruses play a larger part in the pro¬ 
duction of variegations in flower colours than is usually supposed. 
For instance, inoculations from the petals of common variegated 
mauve and white and mauve and yellow violas, picked at random 
from the garden (Plate II, Fig. 3), to healthy tobacco plants of 
the White Burley variety, produced in those plants a virulent mosaic 
disease. The virus is also capable of infecting several other species 
of Solanaceous plant. Experiment seems to show that the virus 
causing this variegation is a strain of cucumber mosaic virus 
(cucumber virus I). 

Some of the mosaic viruses affecting ornamental plants may 
produce little effect on the plant other than the change in the 
colour of the flowers. It is quite likely therefore that a systematic 
enquiry into the question would show that other familiar flower 
variegations may be due in part to virus infection. There seems, 
however, to be a common element in the appearance of this type 
of variegation, i.e. a pencilling or flecking of the colours and a 
break in the hard lino dividing two colours. 

The next question is the important one of how plant viruses 
are transmitted in nature from diseased to healthy plants. The 
majority of plant viruses depend upon insects for their dissemination 
from plant to plant and this relationship between insect and virus 
is one of considerable interest. The insects concerned in the spread 
of plant viruses are nearly all of one type, a type of insect which 
feeds in a particular way which seems to be well adapted for the 
injection of the virus into the plant. These insects belong to the 
order Hemiptera and are of the sap-sucking t 3 rpe. The method of 
feeding of this type of insect is well demonstrated by means of 
the photomicrograph shown in Plate II, Pig. 4. 

Insects are not merely mechanical vectors of the virus but 
in all probability some kind of obligate relationship exists between 
the two. The following facts seem to bear this out—certain viruses 
cannot be transmitted from diseased to healthy plants except by 
the agency of insects and often only by one species of insect or 
one type of insect and not by other closely related species ; some 
insect vectors having fed once upon a virus-diseased plant remain 
infective for the rest of their lives without the necessity for further 
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reoourse to a source of virus infection. This suggests that the virus 
actually multiplies in the body of the insect. Further, some insects 
do not become infective until a minimum time has elapsed after 
feeding upon a virus-infected plant. This is often referred to, 
perhaps on insufficient grounds, as the incubation period of 
the virus in the insect. A better term would be “ a delay in the 
development of infective power within the insect.” This delay may 
be as long as ten days in some cases. 

It is not possible to deal at length with the question of the 
insect relationships of plant viruses, but space permits touching 
upon some recent interesting work on this subject. Storey [16], 
working upon the leafhopper which transmits the streak disease of 
maize in East Africa, has found that there exist two distinct races 
of this insect. One race which can transmit the virus and one 
race which is unable to do so ; these races are termed Mtive and 
inactive respectively. There is no visible difference between the 
inactive and active races and both are of the same species. Further, 
Storey has shown that if a puncture is made with a fine needle in 
the wall of the gut or alimentary canal of the inactive insect, the 
insect then becomes capable of transmitting the virus. It would 
appear from this that there may exist some factor or factors con¬ 
nected with the structure of the wall of the alimentary canal in 
inactive insects which prevents the virus from passing through into 
the blood and so reaching the salivary glands whence it is injected 
into the plant. 

The next point concerns the mechanism of movement of the 
virus in the plant. Since most viruses rapidly become systemic 
in their hosts, there is evidently an efficient means of transport 
about the plant. It has been shown by Bennett [1], Caldwell [2] 
and others that if the phloem in a portion of the stem of a plant 
is destroyed by steaming, the virus cannot pass over this bridge of 
dead tissue. In other words the virus is moving in the phloem 
but not in the xylem. The disease will develop normally in which¬ 
ever half of the plant is inoculated, but the virus will not pass from 
the upper to the lower nor from the lower to the upper half, across 
the bridge of dead tissue. 

The general movement of a virus about the infected plant has 
been well demonstrated by Samuel [9]. His experiments show that 
there is no movement of tobacco mosaic virus from the inoculated 
leaf for a period of 3-4 days. The virus then passes out of the 
inoculated leaf and travels rapidly to the roots of the plant; about 
a day later it travels with equal rapidity to the top of the plant. 
In pot plants the more mature leaves become successively invaded 



Kia. 3.—Vifjlaa showiiijj; a c<»l(»ur varit^f^aiion coiisitli'rtHl to bo eau«od by a \’iruH, 
Notfi tho pori<‘illiiig anct rtoolciiig of tho potaln. (l*hoto: .1. P. DoiwaHtor.) 



Fia. 4,—^Soction of a potato loaf with the beak of a «uekitig indoct in »iiu. liiaetttM 
whioh food in this maiinor are most oonoeniad with virun trauMiniddion. 
(Keproduced from Ann. Ant>L Biol.) 
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firom the top downwards and from the bottom upwards until the 
plant is completely invaded by the virus. 

The movement of the virus in the plant thus seems to be of 
two kinds: first, a very slow oell-to-cell movement via the con¬ 
necting protoplasmic bridges until the phloem stream is reached, 
when the main and most rapid movement about the plant begins. 
Further confirmation of this is afforded by some experiments with 
a newly discovered virus known as tobacco necrosis [13]. This 
virus produces only necrotic symptoms and thus etches out, as it 
were, its own movement through the plant. Photographs have 
been taken at two-day intervals of the path followed by the virus 
in the leaves of cowpea ( Vigna ginensit). The first six photographs 
show merely a gradual increase in size of the lesion at the point 
where the virus has entered the leaf. As soon, however, as the 
virus enters the phloem it begins to travel rapidly through the leaf, 
moving in 48 hours over a much greater distance than in the whole 
of the preceding 12 days’ slow oell-to-oell movement. 

On another aspect of the subject two interesting discoveries 
have recently been made: firstly, it has been found that some plant 
viruses exist in a number of closely allied strains, and secondly 
it has been shown that infection with one strain of a virus will 
immunise a plant from infection with another strain of that virus. 
Space will not suffice to allow of a discussion as to whether these 
strains actually arise by mutation from existing strains, but the 
evidence rather indicates that this is the case. 

The immunity conferred upon a plant by a virus strain against 
other strains of the same virus is of the non-sterile type. There 
is apparently no question of the production of antibodies and it 
is the presence of the first virus which inhibits the entrance of 
the second strain. This type of immunity is well shown in the 
case of potato virus X [8], tobacco [6] and cucumber mosaic viruses 
[7] and by the virus of tomato streak [11]. All these viruses exist 
in strains and the “ green ” and “ yellow ” strains of the tobacco 
or cucumber virusee are particularly suitable for this kind of experi¬ 
ment. If a healthy tobacco plant and one systemioally infected 
with a ” green ” strain of tobacco mosaic are inoculated with a 
“ yellow ” strain, the healthy plant develops the yellow spots char- 
actenstio of this virus, while the plant already infected with the 
“ gnon ” strain is protected against invasion by the “ yeUow ” 
strain. A similar protective action is exerted in the case of a 
plant infected with a “ yeBow ” strain against invasion by the 
“ green ” strain. It should perhaps be emphasised that the presence 
of one virus in a plant is no bar to the entrance of a second virus 
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of a different type, the otosb immunity holds good only for Uke 
Tiruses and virus strains. This kind of immunity therefore is likely 
to prove a useful tool in the work of classifying viruses and in dis- 
tii^;uishing like from unlike viruses in those cases where diagnosis 
by symptoms alone is unreliable. 

A possible practical application of this type of immunity lies 
in the protection of a crop from infection with a severe virus by 
previous artificial infection with a mild strain of the same virus. 
Here, however, lie a number of pitfalls, chief of which is the un¬ 
fortunate liability of certain viruses, even when in a mild form, 
to give rise jointly with another virus of a different type, to a 
much more severe disease than is produced by either virus acting 
separately. 

Mention must be made of a comparatively new method of 
approach to the plant virus problem, i.e. the discovery that the 
in^peritoneal injection of rabbits with plant virus extracts induces 
the production of antibodies in these animals. These antibodies 
react specifically with the antigen (virus sap) in some observable 
way. Three types of immunologic reactions have been demon¬ 
strated, complement-fixation, precipitation and neutralisation of the 
pathogenic proxwrties of the virus. Such neutrahsation is specific 
for each virus, thus, tobacco mosaic virus is inactivated only by 
anti-tobacco mosaic serum, and tobacco ringspot virus only by 
anti-tobacco ringspot serum and so on. The cross specificity is 
absolute and the addition to any of the viruses of a heterologous 
antiserum exhibits no effect. This specificity, however, does not 
extend to distinctions between Aorus strains even when the strains 
produce very different symptoms in the host plants (Chester [8]). 

This new technique is likely, therefore, to prove a useful tool 
in the difficult task of classifying and differentiating plant viruses. 

Since viruses are so often spoken of as filter-passing or ultra- 
microscopic, and described by other adjectives referring to their 
small size, it may be of interest to give a few details' of the actual 
magnitude of some viruses. The sizes of virus particles can be 
measured with fair accuracy by means of ultrafiltration through 
collodion membranes, the pore size of which can be measured. 
These membranes are prepared by a special technique devised by 
Dr. Elfbrd [4] of the National Institute of Medical Research at 
Hampstead and the process of their manufacture is too complicated 
tO' describe here. It has been found by the application of this 
technique that plant viruses vary very much in their particle si*e, 
ranging from 76 to 100 millimicrons for a potato virus down to 
17-26 millimiorons for a new tomato virus. The comparative chart 
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shown in Fig. 5 will giTO some idea of the range of size of different 
plant and animal viruses. 

In oonohision it is proposed to give a short account of an in* 
tereeting new virus, because it well illustrates the kind of problem 
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with which the vims wcurker is sometimes faced. It has bean 
found at Cambridge [12] that a high proportion of the normal stooh 
of healthy tobacco |dante oatry a virus in the roots but not in 
tlm stem emd show no signs of disease during the whole of their 
1^, Under oertain conditions, however, in the winter and early 
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ifpttBfi the viruB may pass up into the plant and develop diseaae 
^ 3 rmptoms in the lower leaves. Unlike most other plant viruses, 
this virus does not become systemic in the host. Further, and 
this is the most interesting point, tobacco seedlings which by avail¬ 
able methods of inoculation have been shown to be virus-fiee, yet 
contain the virus in their roots in quite large quantities some five 
weeks later. The following experiment illustrates this. Seed from 
a White Burley tobacco plant grown in the insect-proof glasshouse 
was sown in sterilised sand in a “ cellophane ” cage in the glass¬ 
house. From the resulting seedlings a number of small plants 
were chosen and all the roots cut off except that one root was 
left on each plant. The roots of each plant thus removed, were 
ground up and the resulting paste inoculated separately to three 
or four ooAvpeas, a plant which is extremely sensitive to the virus. 
The tobacco plants were then repotted in sterilised soil and allowed 
to grow on ; from this number 48 plants, the roots of which had 
given no reaction upon the cowpeas, were selected for a second 
test. This was made, again to cowpeas, 5 weeks after the first 
test. The plants were by this time about 8 inches across with a 
well-developed root system, and showed no unusual s 3 rmptom 8 . Of 
these 48 plants 32 gave a virus reaction. In considering these 
results certain other facts must be borne in mind; exhaustive 
tests make the possibility of outside infection by seed-, soil- ^ 
water-transmission unlikely, though seed transmission in some form 
cannot definitely be excluded. The virus is not insect borne. 

There seem to be three possible explanations of this problem : 
first it may be assumed that the virus is present all the tube in 
the stem, but present either in a non-virulent form which requites 
to gain virulence by concentration in particular cells of the root, 
or else in a dilution too great to give a positive reaction on in¬ 
oculation. This theory, of course, involves seed transmission of 
the virus in undetectable form or quantity. The second possible 
explanation is that the virus is arising spontaneously within the 
plant. The third possibility, and perhaps the least Ukely, is the 
existence of a mode of virus transmission at present quite un¬ 
suspected. 

Virus workers have long dallied with the idea that a vims 
might arise de novo within the host. Such a suggestion is attractive 
in some ways and it would explain many things which are at the 
moment obscure. If viruses are considered as organisms or at 
least poswiiBsing some of the attributes of life, the suggestion of thehr 
hetorogenesis is repugnant. If, on the other hand, Stanley’s view 
that a virus may foe an autocatalytio protein is accepted, then 
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them BeemB no particular reason why the theory of spontaneous 
development of the vims within the host shotdd not also be ac¬ 
cepted. It is, however, at present still an open question and much 
work remains to be done before this question can be answered. 
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THE CONSTITUTION OF THE CLAY 
MINERALS 

By C. E. marshall, M.8o., Ph.D. 

AttittarU Lseiurfr in AffrieuUwral Ohemutry in tk§ UnifMftitif «/ XmmI* 

Thsbb is, in the Honours schools of chemistry both in this country 
and abroad, a healthy diversity in the emphasis which is placed 
on diflFerent branches of the science. It is therefore a curious 
and significant fact that with remarkable unanimity our Honours 
schools should relegate the chemistry of minerals entirely to the 
mineralogists, and should devote no small portion of their attention 
to the detailed structures of minor plant products like the terpenes, 
the alkaloids and the plant colouring matters. The Honours student 
in his practical examination would rapidly identify a sample of 
guaiacol or coumarin, but he would be utterly at sea with a 
powdered felspar and, indeed, would have some justification for 
regarding the test as unfair ; in spite of the fact that the felspars 
constitute 60 per cent, of the mineral matter in the crust of the 
earth. It is worth while considering the reasons for this disparity 
of emphasis. 

The investigation of any new organic compound follows certain 
well-defined paths. After purification it is analysed ; then attempts 
are made to break up the molecule in as many different ways as 
possible, and when the fragments have been identified a very pretty 
exercise in logic enables the chemist to put forward one or more 
probable structures. These are actively debated, and frequently 
rival schools set to work to clinch the matter by synthesis. Thus 
the structure which is finally proved to be correct has behind it not 
only a logical story, but in many cases also a psychological factor in 
the clash of opinions which makes a great appeal to student and 
teacher alike. 

Up to very recent times the mineralogist has had little to put 
alongside the rigid structural formulse of the organic chemist. Each 
new mineral has been characterised by its composition and by cer¬ 
tain crystallographic constants. The attempts which have been 
made to assign structural formulse to the minerals were rightly 
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ngarded by the organic ohemiats as ludicrously inadequate and 
speculative since they could be justified by no complete chain of 
logical reasoning. Moreover, such 83 rntheBe 8 as were accomplished 
added Uttle or nothing to the information irom which a structure 
might be deduced. It is nov'- common knowledge that the handi¬ 
caps under which the mineralogist laboured have, in the past ten 
years, largely been removed by the X-ray diffraction technique, 
which in the hands of the physicists has supplied the basis for valid 
constitutional formulae [1]. The chief groups of minerals have 
already been investigated and in many cases the positions of all 
the atoms present have been fixed with reasonable certainty. In 
other cases an incomplete determination only is possible, but the 
X-ray technique is so powerful a tool that it seldom fails to make 
clear the main features. 

Thus we are now in the position of having for many minerals 
two sets of data, the older chemical analyses and crystallographic 
measurements and the newer X-ray diffiraction photographs. From 
the combined mass of evidence it is possible logically to deduce the 
structural features. Even so, the story has not the same inherent 
interest as that which the organic chemist can unfold. In the 
earlier work there was not the intense conscious search for a struc¬ 
tural formula characteristic of the organic laboratory and it was 
often separated by many decades from the newer determinations. 
There are only a few instances in which interest in structural 
formulte has been continuously sustained and where the newer 
and the older methods have contributed their share at the same 
time. One of these concerns the chemistry of the clay minerals 
and it is the main purpose of the present article to show that the 
proof of the structure of this somewhat recalcitrant group makes 
a story not unworthy to place beside those which are the chief 
pride of the organic chemist. 

At the present time research on the clays is beii^ actively 
pursued by groups of investigators having four different objectives. 
The mineralogists are interested in the characterisation of the clays 
and in their synthesis in nature from other minerals. The ceramic 
technologists have their industrial problems to solve and their 
interest centres ohiefiy on those clays which provide the raw materials 
of pottery and briokmaking. The colloid chemists have found in 
the clays a group of substances with highly developed surface 
ohoraoteristios and they are busily relating these to the internal 
struoture. And finally the agricultural chemists, who for nearly a 
century have known that a great part of the fertility of the soil 
is oonneoted with the preswioe of the clays, have applied them- 
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selves to the study both of the colloidal and the mineralc^oal 
properties of this group and have played no small port in the final 
elucidation. 

The story of the clay investigations falls naturally into two 
periods, the first up to 1930 and the second ushered in by three 
contributions from different laboratories in that year. Here we 
are chiefly concerned with the second period, but it is necessary 
briefly to review the state of our knowledge at the end of the 
first. 

The vast bulk of the clay work prior to 1930 had been con¬ 
cerned with the kaolin group of minerals, partly because of their 
technical and partly because of their geological importance. Micro¬ 
scopic methods had differentiated kaolinite (Al|0,.2Si0|.2H|0) from 
halloysite {Al,0,.2Si0,.2-4H,0) and allophane (Al,0,.nSi0,.mH,0), 
since kaolinite frequently occurred in the china clay deposits in 
the form of crystals whose optical properties could be determined. 
At this time, however, the microscopic methods were only used 
for particles larger than 10^. The finer material was regarded as 
colloidal and amorphous and was characterised only by its chemical 
composition and by the shape of the dehydration curve which was 
of great interest to the ceramic chemists. The difference in de¬ 
hydration curves between the fine material and the coarse led 
Mellor to propose the name “ Clayite ” for the former. The position 
was not satisfactory, however, and the discordant optical constants 
for kaolinite obtained by different workers made identification very 
difficult. In 1931 Ross and Kerr [2] finally removed the discrepan¬ 
cies by showing that three isomers of formula Al,0i.2Si0t.2H«0 
exist, one being kaolinite proper and the others comparatively 
rare minerals known as nacrite and diokite. More recently, they 
have extended this valuable diagnostic work to halloysite and 
allophane [3] and have shown that halloytdte is essentially crystal¬ 
line although more finely divided than kaolinite, whereas allophane 
is amorphous and of indefinite composition. In the course of this 
work several names formerly ascribed to distinct species have dis¬ 
appeared ; examples are newtonite, pholerite, leverrierite and 
coUyrite. 

Two other clay mineralB, montmorillonite and beidellite, had 
also been investigated by Ross and his colleagues in the U.S. 
Geological Survey. Montmorillonite had already been described and 
analysed but its importance was not realised until Ross and Shannon 
[4] E^owed that it is the major constituent of most of the bentonites. 
These are compact clays, derived from volcanic aah, of fairly wide¬ 
spread occurrence in North America. The fuller’s earths also 
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consist largely of montmorillonite. The formula proposed was 
Id^O.AltOa.6SiO«.nHtO, but it was realised that part of the mag¬ 
nesium could be replaced by calcium, sodium or potassium. The 
bentonite clays are now assuming considerable importance in in¬ 
dustry. They are characterised, by a high capacity for absorption of 
water and indeed disperse spontaneously giving a highly colloidal 
soil when treated with excess of water. They have a very high 
base exchange capacity, the exchangeable cations being sodium, 
calcium and sometimes potassium. These interesting properties 
have attracted considerable attention from the colloid chemists. 
Beidellite was first described and analysed by Larsen and Wherry 
in 1917 and its importance has come to be recognised more and 
more since that date. Found originally in certain gouge clajrg, it 
was noted later that a few bentonites consisted almost entirely of 
this mineral, and since 1930 it has been identified as one of the 
major constituents of the clay fraction of many soils. Like mont¬ 
morillonite it is highly colloidal. The formula originally proposed 
was Al,0,.3Si0i.nH,0. 

A mineral which was formerly described as a mica, namely 
pyrophyllite, Al,0,.4Si0,.4H,0, is now included amongst the clay 
minerals. It is found crystalline in slates. 

Besides these clay minerals composed chiefly of alumina, silica 
and water, another class consisting of ferric oxide, silica and water 
had also been examined. Many distinct species were supposed 
to exist, ranging from the iron analogue of kaolinite known as 
hoeferite (Fe(0|.2Si0f2H|0) to the nontronites and chloropals con¬ 
taining a higher proportion of silica. Here again the American 
workers [5] brought some order into the chaos by showing that 
there exists a complete isomorphous series ranging from beidellite 
(Al,0a.3Si0|nH|0) to nontronite (Fei0(.3Si0|.nH,0). The non- 
tronites tend, on ^e whole, to be less highly colloidal than the 
beidellites. 

These studies of clay mineralogy were not so widely known as 
they deserved, because most of those who were concerned with 
clay materials had to deal with particles too small for identification 
by the existing optical methods. This was especially true in soil 
investigations, whmw the coarser material ocmsists of a complex 
mixture of the usual rook-forming minerals whilst the clay minerals 
are scarcely apparent at all until the day fraction itself, with 
particles less than 2ft, is reached. Now that a technique has been 
devised for dealing with very small partides the painstaking work 
of the Amerioan school of mineralogists is more and more deeply 
appreciated. 
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Taking the 1930 papen in ohronologioal order we may consider 
firstly a combined X-ray and optical study of clay minerals and 
soil colloids by Hendricks and Fry [6]. Using the powder method 
they carefully compared X-ray difiraction photographs of the pure 
clay minerals supplied by Dr. Ross with those of colloidal clays 
separated from a number of different soils. They came to the con¬ 
clusion that these colloidal materials were all essentially crystalline 
and that they consisted of minerals such as halloysite or montmoril- 
lonite. They were unable to distinguish between montmorillonite 
and beidellite by the X-ray method. The crystalline character of 
the soil colloids was confirmed by optical examination of dried flakes, 
which showed fairly clear interference figines in polarised light. 
This was due to a partial orientation of these small crystalline 
particles in the flakes. 

Almost simultaneously there was published from this laboratory 

[7] an optical study of the orientation of colloidal crystals in the 
electric fleld. It was shown that particles of ooUoidal clay show a 
pronoimoed double refraction when orientated in this way, the effect 
being so marked that it could only be explained by assuming that 
the individual particles were anisotropic crystals. Further, it was 
found that when one cation was replaced by another by base ex¬ 
change the double refraction altered. It was therefore concluded 
that the cations concerned in base exchange have deflnite places 
in the crystal lattice of the clays. 

Finally, and most important of all from the point of view of 
structure, L. Pauling published two papers on the X-ray diffraction 
shown by various classes of minerals with a highly marked cleacvage 

[8] . The list comprised gibbsite (Al,(OH),), brucite (Mg,(OH)t), 
/J-oristobalite (SiO,), the micas, the chlorites, pyrophyllite, talc 
and kaolinite. He showed that in all these oases the dimensions 
of the unit cell in the plane of cleavage range around 5*1 A and 
8-8 A, the agreement being particularly good for gibbsite and 
jS-cristobalite. Hence he was led to consider aU these structures 
as layer lattices, built up by the superposition of the gibbsite and 
/1-oristobalite units. Similarly brucite layers could take the place 
of gibbsite layers, but since the brucite layer was subtly larger 
the unit cell ^d not fit so accurately and a strain was introduced 
which might preclude the existence of unsymmetrical types. The 
types of unit cell used in building up the layer lattices are shown 
in Fig. 1. Pauling suggested that kaolinite might have an un- 
S3rmmetrioal structure composed of one silica and one 

layer, pyrophyllite a symmetrical one with a rilioa layer on each 
side of the alumina layer (Fig. 2). Talc (Mgt0,.4Si0|.2H|0} is 
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similar to pyrophyllite, the gibbedte layer of the latter being re- 
})laoed by a braoite layer. The magnesium analogue of kaolinite 
(Mg(0f2Si0f2H|0) is not known, presumably because of the strain 
involved in fitting together the unit cells in an unsymmetrioal 
type. The structures proposeil were strongly supported by the 
good agreement between the calculated and observed intensities of 
the X-ray refieotions. 

By the end of 1930, therefore, three promising lines of investi- 
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gation had been started, and from this time onwards there has 
been a marked increase in the number of workers engaged. The 
geologists have attacked the problems of sedimentary petrography 
with renewed vigour as instanced by the work of Correns and 
Eddhnan and their oo-workos at Rostock and Wageningen re¬ 
spectively. The soil chemists entered very actively into these new 
developments as the prospects of solving some of their hundred- 
year-old }Ht>blems beoame dearer. The ceramic chemists also 
eagerly took up the new weapoils. We shall consider the later weak 
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under three headings; the use of the X-ray technique as a means of 
identification, improvements in the optical methods of identification 
and finaDy, determinations of structure by X-ray methods. 

The identification of the clay minerals by X-ray powder photo¬ 
graphs rapidly developed. Ross and Kerr used it largely in their 
studies of the kaolin group [2J and halloysite [3]. They were able 
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to obtain clear dififerenoes between the three isomers kaolinite, 
nacrite and dickite as well as between each of these and halloysite. 
Kelley, Dore and Brown [9], like Hendricks and Fry, were able to 
distinguish different colloidal minerals in soils, and they also broke 
fresh ground by investigating the effect of fine grinding on various 
ola 3 nB. More recently, Nagelschmidt [10] has published aoourate 
oompaiisons of the X-ray spectra of the chief clay minerals. It is 
very significant that beidellite and montmorillonite should shov 
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the same lines. Here the optical methods of diagnosis which show 
clear differences between them are more sensitive than the X-ray 
methods, which illustrates why the former are never likely to be 
superseded by the latter. This lack of sensitivity of X-ray com¬ 
pared with optical methods has also been commented upon in 
connection with other groups of minerals. As regards the relative 
richness in lines of the various X-ray spectra, this follows the 
order of crystallinity. The kaolin group shows very sharp lines, 
halloysite shows fewer, whilst beidellite and montmorillonite have 
a few more diffuse lines. 

The improvements in the optical methods [11] are mainly con¬ 
cerned with the determination of the mean refractive index of small 
particles by immersion methods, and of their double refraction by 
electrical orientation. The author has shown that by using a dark 
ground condenser it is possible to find the refractive index of 
particles as small as 50 mfi, i.e. 0-05 fi. 

earning now to considerations of struotime, the impetus of 
Pauling’s work set on foot more detailed determinations in different 
laboratories. Gruner [12] began with a kaolin group and was able 
to explain the differences between kaolinite, nacrite and dickite 
as being due simply to a displacement of the silica layer relative 
to the gibbsite layer. The positions of all the atoms could not be 
determined with absolute certainty because of the limitations of 
the powder method, but there is little doubt that the essential 
features are correct. 

In 1933 was published the first successful attempt to assign a 
structure to montmorillonite. Hofmann, Endell and Wilm in Beriin 
made very careful comparisons of montmorillonite from different 
sources with pjnrophyUite [13]. The spectra were identical except 
for a single line near the axis of the X-ray beam. In pyrophyllite 
this line had a fixed position and was regarded as a reflection from 
planes at right angles to the c axis ; that is, it afforded a measure 
of the c axis of the unit cell. In montmorillonite this line lay 
much closer to the central beam, its angidar deflection being so 
small that it haid been entirely missed by the earlier workers. Thus 
it appeared that montmorillonite had the same type of layer lattice 
ss pyrophyllite. At any rate, it was owtain that it was built 
up of the same fundamental units, namely the siUoa and the gibbsitS 
layers, because the measured spaoings again gave a 6-1 A and 
6 n 8*3 A characteristic of the wh(^ class. Now the innermost 
interference band changed its position with water content, thereby 
clearly proving, sinoe the other lines remained fixed, that it was 
caused jdanss ftatalM to the cleavage whose distance apart 
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varied with the water content of the day. By determining the 
density of the day and also the spacing at a given water content, 
it was a matter of arithmetic only to show that the unit cell must 
contain one gibbsite layer and two silica layers. Since there was 
such great resemblance to pyrophyllite the symmetrical structure 
was chosen as the most probable (Fig. 2). This important con¬ 
tribution was followed by a second [14] in which it was shown 
that beidellite has the same structure, including the variation of 
interplanar distance with water content. A curious situation was 
then revealed. The ideal X-ray formula for montmorillonite and 
beidellite was Ala0,.4Si0,.H,0; the chemical analyses indicated 
that the former approximated to Mg0.Al»0,.6Si0,.nH,0 and the 
latter to Al|0a.3Si0,.nH|0. The authors suggested that the dis¬ 
crepancy as regards montmorillonite could be removed by assuming 
a replacement of aluminium by magnesium in the lattice, 3Mg 
taking the place of 2A1 to give a mixed gibbsite—brucite layer, 
and that the other bases, up to 2 per cent., could be considered 
as absorbed. The authors were inclined at first to deny the real 
existence of the beidellite species, but acknowledged that the optictd 
evidence was strongly against them. 

It is interesting to note that in 1034 Gruner published an exact 
study of the X-ray spectra of p 3 Tophyllite and talc [15] which 
confirmed the structure put forward by Pauling and adopted also 
by Hofmann, Endell and Wilm. 

Mehmel at Rostock completed the series by making a deter¬ 
mination of the structure of halloysite [16]. He showed that it was 
composed of one hydrated silica layer of composition Si«Ot(OH)i 
and one gibbsite layer Ala(OH)„ the material having at room tem¬ 
perature the composition Al,0a.2Si0|.4H»0 (Fig. 2). At 50° C. 
however, it loses two molecules of water giving metahalloysite, 
for which the author also gave a definite structme. The X-ray 
spectrum was not identical with that of kaolinite, so that we now 
have four isomers of formula Al,0j.2Si0,.2H»0 ; kaolinite, naorite, 
dickite and metahaUoysite. 

Thus early in 1936 one could see that the great stumbling block 
to a general understanding of clay structures lay in the funda¬ 
mental discrepancy between the X-ray and the chemical formulae 
for montmorillonite and beidellite. At this time the present author 
had just completed a senes of complete chemical analyses of clay 
fractions from a bentonite (chiefly montmorillonite), an American 
clay soil (chiefly beidellite) and an English clay soil. These day 
fractions had been divided into sub-fractions of known particle 
size and had been carefully studied by the improved optical methods 
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applicable to small particles [11]. In many cases these sub-fractions 
consisted of a single clay mineral. What was needed was a method 
of deducing the layer lattice type from the complete chemical 
analysis. This could only be done by adopting some reasonably 
well established rules for the replacement of one atom by another 
in the lattice. By analogy with the felspars and micas aluminium 
was supposed capable of replacing silicon in the silica layer, the 
extra valency required being supplied by an atom of sodium or 
potassium or half an atom of calcium or magnesium. The re¬ 
placement of aluminium by magnesium was also regarded as highly 
probable, as was that of aluminium by ferric iron. Using these 
as the variables, the most reliable analyses in the literature of 
montmorillonite, beidellite and the nontronites were recalculated 
so as to show the range of possible lattice types. When this 
was done it was found that one type only, the 2 : 1 structure of 
Hofmann, Endell and Wilm, was common to the montmorillonite 
and beidellite analyses. Hence the chemical evidence supports 
the X-ray formula when one takes into account the possible re¬ 
placement of silicon by aluminium + cations, aluminium by mag¬ 
nesium -f- cations and aluminium by ferric iron. Using the 2 ; 1 
structure the replacements per unit cell were then calculated and it 
was found that beidellite could be regarded as the member of an 
isomorphouB series in which the replacement of silicon by aluminium 
predominates. Montmorillonite shows a predominating replace¬ 
ment of magnesium for aluminium, but alongside it there is often 
that of aluminium for silicon. The nontronites are derived by 
the replacement of aluminium by iron [17], When this work was 
carried out there was no X-ray evidence on the structure of the 
nontronites, but Gruner has very recently studied this group and 
has again found the 2 : 1 pyrophyllite structure [18]. It is deeply 
interesting to know that nontronite also shows this variation in the 
c axis spacing with water content, which Hofmann, Endell and 
Wilm found for montmorillonite and beidellite. 

From the colloid-chemical and agricultural point of view the 
most important feature of these investigations is the light thrown 
upon the property of cation exchange in the clays. It has been 
realised for some time that the base exchange capacity was higher 
for the montmorillonites and beidellites than for clays of the kaolinite 
and halloysite types. In the clays with variable c spacing there 
is room, at high-water contents, for cations to move freely in and 
out of the lattice. The exchangeable cations present between the 
lattice layers help to neutralise the charge induced on the lattice 
by the replacement of A1 for Si and of Mg for A1 [19]. 
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A valuable opportunity for the discussion of these views with 
other workers in the same field was afforded by the meeting at 
Oxford early in August, 1935, of the Third International Soil Con¬ 
gress. Volumes I and II of the Transactions (Murby, Vol. I, pp. 
428, 28s. ; Vol. II, pp. 194, 13s.) were already printed in time for 
the meeting and a third volume will follow. These volumes, which 
cover every aspect of recent work on the soil, were published too 
early to allow of the inclusion of aU the most recent developments in 
soil mineralogy, although they contain several important contribu¬ 
tions. In Volume II mention should be made of the summarising 
papers by R. Bradfield and F. Hardy. 

Besides papers read at the various sessions of the Congress a 
number of contributions to soil mineralogy were discussed in un¬ 
official meetings arranged amongst those interested. Dr. W. P. 
Kelley (California) discussed the increase in base exchange capacity 
and the alteration in the shape of the dehydration curves due to 
fine grinding of the clay minerals. Professor C. H. Edelman raised 
some highly interesting points with regard to halloysite. In con¬ 
trast to many other workers he regards halloysite as a clay of 
high base exchange capacity and ascribes this to its having free 
OH groups attached to silicon atoms in the sihea sheets. One may 
suggest, however, the possibility that in the Dutch Clays there may 
exist a variety of halloysite differing from that characterised by 
the American workers, in the same kind of way as montmorillonite 
differs from pyrophyllite ; that is, by having a wide spacing along 
the c axis and possibly also a variable composition. There is here 
considerable room for further research. 

In the past ten years the clay group of minerals has risen from 
a lowly if not neglected position amongst its fellows to one of equal 
rank. The structural features which have been revealed, some 
of which, like the expansion of the lattice with increasing water 
content, are unique in mineralogy, bid fair to ensure that the 
interest which has been aroused will be maintained for many ymm 
to come. 
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PHOTOGRAPHY: THE DIRECT REVERSAL 

PROCESS 

By P. C. SMETHUBST 
JoUU SdUor, BritiMh Journal Pkoto^pMe Almanac, 1035 

The popular method of producing a photographic result by making 
a “ negative ” image and printing from it a “ positive has very 
much over-shadowed the possibilities of the direct reversal photo¬ 
graph. ‘‘ Reversal,” as it is called, was until recently the process 
reserved for amateur films and colour transparencies, but the advent 
of a professional-size colour film based on the process shows that 
workers in other branches of photography will have to take more 
notice of it. 

Photography, so far as its scientific basis is concerned, is ulti¬ 
mately a question of producing a system that will absorb energy 
in the most efficient way possible, and translate it into a permanent 
result. The energy is that of light, and the absorption system is 
essentially an emulsion of silver halide particles in gelatine, though 
organic dyestuffs (notably those of the cyanine series) are added 
in small quantities to most emulsions in order to stimulate sensitivity 
to special parts of the spectrum. 

The exposure (E) given to an emulsion is defined as (I.O where 
I is the light intensity and t the time during which it acts. After 
exposure, the emulsion is treated with a specially compounded 
reducing bath, called a developer, and all those particles of silver 
halide that have been affected by light are reduced to metallic 
silver, forming a black image. The density (D) of this image at 

I 

any point is defined as log v, where is incident intensity and I 

transmitted intensity. It should be remarked that the relation 
D ==s/(I X t) does not hold good for all values of and that the 
effect of a series of intermittent exposures is not equal to that of 

one longer one with t tt + . In the cinema 

these effects may be disregarded, since t remains constant at about 
^ of B, second, and intermittent exposures are not given. 

The ‘‘ characteristic ” of any emulsion is given by plotting 

4S4 
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D agaimt log E, and auoh a curve ia ahown in Fig. 1. All such ourvea 
ahow a “ threahold ” effect, in which dD/d(log E) inoreaaea fairly 
rapidly, a straight centre section, where dD/d(log E) ia constant, 
and a saturation section where dD/d(iog E) decreases in value to 
z&ro. As the Density here reaches a maximum any further increase 
in log E reduces its value, and the curve slopes once more toward 
the log E axis, passing through a fairly straight section as it does so. 
(It is interesting to compare the ciurve here with that of the grid 
potential/anode current of a thermionic valve. The similarity in 
shape is striking, although the two apparently have no ooimeotion 
whatever with each other.) 

The straight section of the curve is the most interesting practic¬ 
ally, and dD/d(log E) is measured in this section by taking the 
tangent of the angle at which this section cuts the log E axis when 



produced. This value is called “ Gamma ” or “ CJontrast Factor ” 
for the i>artioular emulsion and development. This factor increases 
exi>onentiaily to a fixed maximum (Gamma Infinity) as develop¬ 
ment increases, an approximate relation being: Gamma at time 
t«« Gamma infinity (1 — e”*'). 

From this curve it will be clear that a series of light intensities 
reflected from a subject in front of the camera produces a series of 
densities reversed in sense from the original tones, and that the 
image will be a “ negative ” one. In ordinary photography this 
is “ printed ” on to a second emulsion and a coneot-toned image 
(the positive) results. 

In order to get a direct positive from the original emulsion it 
might seem possible to expose the latter in the right-hand region 
of its characteristic curve, where dD/d(log E) is negative, but thf) 
enormous energy requited for this makes the suggestion entirely 
impracticable where exposure times of second are in question. 
The direct reversal process attacks the problem in quite a differmit 
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mfumer. The exposure given in the oamera by no means affects 
all the silver halide in the emulsion, so that the following procedure 
is possible: 

(1) The emulsion is exposed in the ordinary way in the oamera. 

(2) The negative image is developed to a high value of 

dD/d(log E). 

(3) This image is then bleached by treating the emulsion with 

potassium bichromate or potassium permanganate, in acid 
solution (H,SO« or HQ is usual). This bleacher entirely 
removes the negative image, yet does not affect the 
residual silver halide. 

(4) The emulsion is then cleared 6f decomposition products by 

washing and by treatment with sodium sulphite solution. 



(6) Light is now allowed to reach the residual silver halide and, 
finally, 

(6) All the remaining halide is reduced to metallic silver by 
treatment with a developing solution. 

The result of this sequence of operations is clearly to reverse 
the original densities in the emulsion, and quantitative experiments 
show a characteristic similar to that of Fig. 2. The “ reversal ” 
and correspondence between the two curves is obvious. 

Since the reversal process is used almost exclusively for tranS" 
parencies, such as colour exposures and cinema films, it is clear 
that the brightest tones of the original subject should have minimum 
density in the emulsion, so that as little light as possible is lost 
in transmission. Densities in these “ high-light ” areas should thus 
have very low values, but the exigencies of practical considerations 
make it extremely inconvenient to expose the emulsion to the point 
where the highest light intensities reach the region of low density 
at the nght-hand end of the curve in Fig. 2. (Time t remains oonr 
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stant, of cootBe.) The fact that it is extremely difficult to expose 
absolutely r^pilarly to this standard further complicates the issue, 
and it will be seen that the problem of reversal is that of com¬ 
pensation for inaccurate or insufficient exposure. This consists, 
essentially, of arranging to push the curve in Fig. 2 toward the 
left by special treatment, so that consistent results may be possible 
even under poor conditions of camera exposure. At the same time, 
such special treatment will be able to correct inconsistencies in 
camera exposure that are liable to be found even with the most 
careful determinations of correct exposure. 



Fia. 3.—Compensation by variation of negative development. Times in minutes. 

Though tliis is more a problem of physical and chemical research 
than of pure photography, the basic facts already indicated in brief 
will show the direction in which compensation is possible. In the 
first place, the quantity of metallic silver produced by reduction 
in operation (2) may be altered by increased or reduced time of 
development. The density product varies approximately as: 

T)( = DtiifliiitrC^ e **) 

and since there is a finite quantity of silver halide available for 
reduction, the using-up of more than normal for negative imi^ 
will leave less than normal available for reduction in (6). This 
Moll cause a shift of the curve to the left. Fig. 3 shows the position 
of the curve for various development times, and it should be noted 
that (ID/d(log E) remains extremely constant in value throughout. 
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It is clear from these curves, however, that only a limited shift 
can be produced by variation in (2), but fortunately the process 
may be carried to its logical conclusion in another way. If a solvent 
of the silver halide in use is incorporated in the solution used for 
first development, the image progressively increases in density as 
the time increases, while silver hafide is di^lved fit)m the emulsion 
simultaneously. Solvents used in commercial practice for this pro¬ 
cess are sodium thiosulphate, ammonia, and some of the cyanides, 
though the first two named are in most general use. The effect on 
the curve of such treatment is shown by the group of oharacteristics 
in Fig. 4. It will be noted that dD/d(log E) remains reasonably 



Fio. 4.—^Variable negative development plus halide solvent. Times in minutes. 

constant, except when extreme compensation is applied, as in the 
case of the curve marked 12 minutes. The reduction of maximum 
density in this last curve to slightly less than 2 units may appear 
to prejudice the appearance of the image, but it must be rememb^d 
that a density of 2.0 implies a transmission of only 1 per cent. In 
practice this does not affect seriously the pleasantness of the image. 
It should further be noted that the minimum densities in Fig. 4 
are less than those in Fig. 3. This implies a more transparent image, 
which is a practical advantage. 

Both of these compensation processes have dealt with variations 
in first development, but there are other possibilities inherent in 
reversal as a whole. For example, when the negative image has 
been reduced and bleached out, it is quite practicable to treat 
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the emolBion with a solvent for the halides, and to temove excess, 
thus lightening the final image, and shifting the curve to the teft. 
The curves in Fig. 5 apply to this method, and it will be seen that 
the limiting factor is the maximum density which it is required to 
produce in the positive image. On the other hand, the minimum 
densities are not very low imless a considerable treatment with the 
solvent is given. In spite of these disadvantages, however, this 
process is commercially used by at least one firm, and excellent 
results are possible. 

An even more ingenious method of compensation is provided 
by altering the second exposure. There is no need whatever 



Fio. 5.—Removal (by sodium thiosulphate) of excess halide after bleaching negative 
image. Times in minutes. 

to expose all the remaining halide in the emulsion, since after 
development that which is unreduced can be removed by sodium 
thiosulphate in the normal photographic manner. A patented 
process for automatically giving the correct exposure according to 
the quantity of residual halide has proved to be entirely practical, 
and in spite of theoretical objections to the scanning of the emulsion 
by photo-cell, films processed in this way are probably more con¬ 
sistent than those treated by other methods. The curves for 
variation of second exposure are given in Fig. 6. The particular 
advantage given by such automatic scanning and adjustment of 
second exposure is that various degrees of inaccuracy in exposure 
are compensated within a single length of film. This is most useful 
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in praotioe, sinoe it is seldom convenient to cut a strip into short 
lengths for individual treatment in process. 

The reason why such an automatic compensation is most valuable 



may be seen from Fig. 7, where fictitious curves are shown for one 
particular film. The normal exposure meter finds the average 
intensity of light reflected from subjects in front of the camera, 



Fio. 7.—-Efifeot on tabjoot on expoouvo* 

and arranges to give a reading whereby this average intexisity oan 
be placed on the centre of the straight section of the characteristic* 
This is shown by dotted line in the %ure. Suppose now that two 
subjects are to be recorded, each with the same average reflected 
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intensity, bat varying in range of intensities by a considerable 
amoiuit. The subject with intensities 3 times average to 1 average 
will clearly be under-exposed if placed on the normal curve shown 
in the centre, for the brightest intensities should reach to the mini¬ 
mum density possible, and thus compensation should be applied 
for this particular exposure, when the curve on the left wo^d be 
operative. The long-range subject, however, with intensities vary¬ 
ing between 10 times normal and normal, would be quite correctly 
exposed for “ normal ” processing. Yet according to the meter, 
both these subjects have been given accurate exposure. Were 
they developed together, either the short-range subject would be 
very much too dense, or else the long-range subject would be far 
too transparent, as regards the positive image. 

This simple fact shows that the measurement of the average 
intensity of a subject cannot apply to reversal work. Instead, it 
is essential that the high-lights of the subject should be measured, 
and from the result these maximum intensities may be placed 
consistently on the right-hand end of the curve. If this is done, 
exposure is always nearly correct, and processing of the film may 
be standardised. Unfortunately, at the present time there is little 
appreciation of this point among those who are used to working 
with the negative-positive system (where the average intensity is 
a reasonable measure of correct exposure) and until practical 
“ cameramen ” study the reversal process and realise the special 
measurements it involves, the unfortunate developing staff will find 
that standardisation is impossible. 

Once, however, the mechanics of the process are grasped, the 
rest follows without trouble, and the reverb process will be found 
as simple in work as the more ordinary negative-positive system. 
In the above treatment of the subject I have to acknowledge the 
kindness of Dr. Lummerzheim, of I. G. Farbenindustrie, Berlin, for 
allowing the reproduction of the curves in Figs. 3-8, which were 
originally printed in his article “ Das Umkehr-Problem.” 



THE BIOLOGICAL DECOMPOSITION OF 

LIGNIN 

By A. a. NORMAK, Ph.D.. D.So., F.I.C. 

RtiUknn$t$d SUUion 

One of the many controversial subjects in soil microbiology is the 
question of the decomposition of lignin. It is a peculiarly intriguing 
problem because the experimental evidence is so contradictory, 
and often is apparently in conflict with the rational deduction that 
unless lignin decomposes or undergoes some modification it would, 
with the passage of time, have accumulated in all soils receiving 
plant remains, to such an extent as to be easily recognisable by 
chemical means. On the other hand, merely as a matter of observ¬ 
ation some “ woody ” or highly lignified materials decompose but 
slowly, if at all, even in relatively favourable circumstances. Saw¬ 
dust, for example, may remain in heaps in the open under mout 
conditions and undergo no obvious change for many months or 
years, save, perhaps, a blackening of the outer layers. There is 
no doubt that the ph 3 rBical and environmental conditions of the 
material enormously affect the rate and extent of microbial attack, 
but even under controlled and optimum conditions in the laboratory, 
there is uncertainty as to the availability of lignin. 

It is proposed here briefly to review the more recent work bearing 
on the decomposition of lignin and lignified materials. A distinction 
must be made between ligmn in plant materials, and lignia in intact 
timber, for in the latter special conditions prevail. 

Abbobio DEOoMPosmoK OF Lionin IB Plant Matbbxals 

In his detailed and extensive experiments on the decomposition 
of plant materials and the formation of humus in soils, S. A. 
Waksman has been responsible for much of the newer information 
on the availability of lignin. Waksman and Tenney (1927) in 
examining the effect of the age of the plant on the rapidity of its 
decomposition stated that lignin decomposes “ less rapidly than 
any of the major plant constituents and tends to accumulate in the 
soil.” The same authors in 1928 emphasised the great resistance 
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of lignin to decomposition under normal aerobic conditions. In 
28 days under optimum conditions the lignin of rye straw suffered 
very slight loss, and that of oak and lucerne was unaffected, even 
though the materials themselves underwent extensive decomposition. 
Rege (1927) expressed the oiiinion that lignin is an “inhibitory 
facW ” in decomposition, being the most resistant of the tissue 
constituents, and therefore acting as a physical barrier to the attack 
of micro-organisms. His views have been misconstrued by later 
workers, who have read into his statements an active inhibitive 
effect of lignin, whereas a passive role is certainly all that was 
implied. Waksman, Tenney, and Stevens (1928) studied the trans¬ 
formation of organic matter in forest soils, and analysed oak leaves 
which had been allowed to rot for 6 and 12 months. Lignin was 
found to be the most resistant constituent. After six months’ 
decomposition, there was only a very limited reduction in the lignin 
content, but after 12 months the decomposition was “ more definite,” 
a loss of 45 per cent, being recorded when CaCO» was added, or 
36 per cent, in its absence. Tenney and Waksman (1929) gave 
analyses of materials such as com stalks, rye straw and oak leaves, 
which had been allowed to decompose under aerobic conditions for 
a much longer period than in their earlier studies. Definite losses 
of lignin were observed in all cases, but much less in proportion than 
any other constituent. Nevertheless, this paper records the first 
satisfactory evidence of anything approaching an extensive de¬ 
composition of lignin. Their findings are summarised in Table I. 


TABLE I 

DscoMPosmoK OF Lignin ♦ 
[/rom Tenney and Wakemtm (1929)] 



Per cent, of Apparent Lignin Bexnainlpg. 


27 Osyt. 

eaixayi. 

205 Dsya. 

405 Dayt. 

Oom etelke only. 


■n 

80*9 

42-9 


82-7 



42-5 


977 

HtS 

781 

57*4 



89*5 

70-3 

61-2 


66 Zisya 

14S Dayi. 

886 Dayi. 

Kyo strew only. 

99-5 


85*5 


79*7 

added nutrients .... 

98*7 


76-7 


69*6 

Oak leaves only. 



99-7 



+ added nutrients .... 

1014 


94*2 


74*7 


* Lignin determined by Sohwelbe (1925) method. 


In the preparation of composts it was stated [Waksman, Tenney 
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and Diehm (1929)] that losses of lignin are slight, and similarly that 
in horse manure allowed to rot for ten months the hgnm was reduced 
by only 20 per cent. [Waksman and Diehm (1929)]. Rather different 
oonclusions were arrived at by Waksman and Gerretsen (1931) in 
an extensive investigation of the effect of environmental or climatic 
conditions on the decomposition of straw in composting. They 
found a marked influence of temperature on the decomposition of 
lignin ; at low temperatures the losses were small, but at 37° C. they 
were quite extensive, as seen in Table II. 

TABLE II 

Ej*f®ot or TemperATUBB on the Decomposition of Lignin in Oat Straw * 
[/rom Waksman and Oerretsen (1931)] 

Initial moisture content, 80%. Nutrient salts added 


Temperature of Incubator. 

Per cent, of Apparent Lignin Remaining. 

10 Pay*. 

4B Pays. 

105 Pays. 

27S Days. 


r . 



94*0 

104*4 

18“. 

1100 

99*5 

72*5 

86*5 

27“. 

101*9 

86-3 

82*9 

78*0 

37“. 

86*6 

76*4 

49*7 

41*6 


♦Lignin determined by Schwalbe (1925) method. (?) 


Other workers who have found an extensive decomposition of 
lignin under aerobic conditions are Pliillips, Wiehe and Smith (1930). 
Their experiments were only comparatively brief in duration, and 
the percentage losses of lignin recorded were in some cases higher 
than those of cellulose. It is impossible to regard their results 
and conclusions as being in line with the majority of the work carried 
out on similar materials. Table III summarises their findings. 


TABLE III 

Decomposition of Lignin in Various Materials ♦ 
[from Phillips, Wiehe and Smith (1930)] 


liaterialB. 

Per oent. Lom of Origtoal Lignin. 

86 Pay».t 

25 Payf.t 

esPayat 

CJom stalks. 

0*2 

25*9 

29*0 

Oat hulls. 

5*4 

8*1 

9*3 

Com cobs. 

17*0 

41-0 

45*1 

Wheat straw. 

1 

39*8 

48-3 

34*3 


♦ Lignin detennined by Willstatter method, f 10 g. material taken onginaUy. 
} 25 g. material taken. 


In the Bame year Osugi and Yoshie (1031) followed the de¬ 
composition of a number of materials such as soy bean cake,' rape 
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seed oake, young vetches, rice straw, and in a period of 45 days 
found no significant losses of lignin. Martin (1933) foimd no large 
loss of lignin in decomposing lucerne and clover, tops and roots, 
even after 270 days. Allen, Abel and Magistad (1035) studied the 
rotting of pineapple trash in soil for periods up to 15 weeks and 
found no apparent loss of lignin. 

Quite recently Smith and Brown (1934) took samples of oat 
straw composted with added nitrogenous salts over a period of 
fifteen months. They state that at the end of this time the cellulosic 
and furfuraldehyde-yielding constituents had largely disappeared 
and that 60-90 per cent, of the lignin had decomposed. Losses 
almost as great were recorded by Smith, Stevenson and Brown 
(1930) on similar straw composts. The temperature conditions of 
Ames, Iowa, where these experiments were performed are in summer 
much higher than in this country, and it is possible that the results 
fall into line with those obtained by Waksman and Gerretsen (1931) 
on the effect of higher temperatures. 

In all the investigatioiu) described hitherto the active micro¬ 
biological agency has been a mixed flora. Some information of 
a rather interesting nature has been obtained on the action of certain 
specific fungi on the lignin of plant materials. Waksman (1931) 
showed that Coprinua radians inoculated on to raw horse manure 
removed about 22 per cent, of the total lignin and 70 per cent, of 
the cellulose in 61 days. The common mushroom, Agaricua, utilised 
18 per cent, of the lignin and only 14'5 per cent, of the cellulose in 
am equal period. Further examinations of the action of Agaricua 
campeatria on the straw or manure compost upon which it grows 
were made by Waksman and Nissen (1931, 1932) and Waksman amd 
McGrath (1931). These confirmed the previous observation that 
this fungus develops to a considerable extent at the expense of the 
lignin of the compost. The actual loss of dry matter may not be 
great, since the mushroom synthesises considerable quantities of 
mycelium. An eamlier paper by Falck (1930) claims that fungi may 
amt in two ways on plant materiads. Either they may attamk 
celluloses and hemicelluloses, leaving the lignin imafiected, or they 
may attamk adl three groups. The residual material will in the 
first case be of a higher carbon content than in the second. Agaricua 
ndiuiaria was shown experimentally to attamk lignin amd conse¬ 
quently to fall into the second category. Other evidence will be 
given later, when dealing with the rotting of timbers, to support 
the view that the Bausodiomyoetes aas a group are capable of 
decomposing lignin. 

Vmy few pure culturad studies have been matde with other 
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organisms and this is a field of work which would repay investigation. 
Waksman (1931) inoculated pure cultures of a few organisms, among 
them Zygorhynchue, Trichoderma, a Penicillium, JBumicola, an 
A^inomyces, and Spirochaita cytophaga, on to sterile wheat straw 
and none of these showed more than very slight lignin-deoomposmg 
ability. The time of incubation was, however, too brief in the 
light of the observations made earlier. Of the action of bacteria 
on lignin nothing is known. 

Asrobic Dboomposition of IsoLAiBn Lignin 

A number of attempts have been made from time to time to 
study the action of micro-organisms on lignin preparations. It 
must not be assumed that the results obtained with isolated lignin 
are necessarily applicable to lignin in situ. All methods of prep¬ 
aration involve the use of drastic reagents, usually concentrated 
acids, which may effect considerable change in the lignin molecule. 
There are reasons for supposing that lignin is originally in an enolio 
form, stabilised by linkage to carbohydrates, and that when isolated 
it undergoes tautomeric change to the keto-condition [Harris, 
Sberrard and Mitchell (1934)]. Many lignin preparations, including 
some used for constitutional work, have not been free from carbo¬ 
hydrates, and in consequence some caution has to be used in 
interpreting results obtained with such material. For example, 
the acceleration in the fermentation of cellulose by Mierospira 
agar-liguefaciena produced by the addition of lignin [Gray and 
Chalmers (1924)] was probably due to the presence of a small amount 
of pentose in the lignin, since xylose was also shown to have a 
favourable effect. 

Pringsbeim and Fuchs (1923) prepared lignin by acidification of 
an alkali extract of wood made imder pressure. Their product 
contained over 6 per cent, pentosan. On suspending in water and 
adding nutrient salts, gas production followed inooulation with soil. 
At the end of 8 days only about 66 per cent, of the lignin could 
be recovered whereas in control experiments 90 per cent, was repre- 
cipitated. The material precipitated after fermentation was signM- 
cantly lower in methoxyl content, and contained only 0'6 per cent, 
pentosan. While this would seem to justify a claim that isolated 
lignin is attacked by micro-organisms, the question does not seem 
to have been pursued further. No mention was made of the types 
of organism present. 

Waksman and Tenney (1926) prepared lignin from straw and 
lucerne meal by treatment with 72 per cent, sulphuric acid, to which 
had been added a little HCl [Schwalbe (1925)]. Small quaattties 
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were added to fresh soil, and the CO* evolved on inonbation deter¬ 
mined. From the barley straw lignin in 32 days, only 3 mg. CO, 
per 1 g. lignin in excess of the control experiments was obtained 
even in the presence of added nitrogen. Lucerne lignin yielded 
only 2 mg. per g. in an equal peiiod. They concluded that isolated 
lignin is unavailable to micro-organisms. Recently, Smith and 
Brown (1936) have undertaken a similar investigation. Quantities 
of lignin equivalent to 300 mg. C. were added to 100 g. of soil, 
brought to a moisture content of 25 per cent., and sterilised on three 
consecutive days. These flasks were inoculated with pure cultures 
of Trichoderma lignorum, Aspergillus terreus, and Penicillium vina- 
ceum, and incubated at 30° C. The CO, output was determined at 
intervals up to 21 days, and was not significantly greater with these 
three organisms than from the controls of uninoculated soil. In 
sand cultures neither Aspergillus niger nor a mixed soil infusion 
produced any apparent decomposition of lignin as measured by CO, 
output. In solution cultures a small output of CO, was obtained 
from a soil infusion in 15 days, representing only about 2*3 per cent, 
of the added lignin. Oxidised lignin preparations were found to 
be slightly more available to Stereum purpureum in sand culture, 
and some evidence was obtained that the addition of this lignin 
to cellulose stimulated the decomposition of the cellulose, or possibly 
vice versa. From the work of these investigators normal isolated 
lignin must be regarded as biologicaUy very resistant to the ordinary 
soil microiflora. 

Akabbobio Dboomposition of Lignin in Plant Matbbials, and 

OF ISOLATBD LlONIN 

Studies on anaerobic decomposition have frequently been con¬ 
cerned with gas production, and the utilisation on an industrial 
scale of cellulosic waste materials. Fermentations have usually 
been carried out in the presence of a large excess of water. Lymn 
and Langwell (1923) carried out many fermentations with thermo- 
phiHo organisms at 60-80°, finding lignified cellulosic materials to 
be the most resistant, and expressing the opinion that lignin is 
unaffected by anaerobic organisms. 

Waksman, Tenney and Stevens (1628) in considering the form¬ 
ation of forest soils carried out anaerobic fermentations of oak leaves 
at 28° C. At the end of 6 months, the maximum loss of lignin was 
less than 1 per cent., an insignificant amount, and at the end of 
12 months did not exceed 10 per cent. Teimey and Waksman 
(1930) extended these experiments by following the decomposition 
of waterlogged materials, such as com stalks, rye straw, oak leaves, 
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and luoeme plants. Some variation in the behaviour of the lignin 
was observed. Only in the case of the com stalk was there any 
considerable loss of lignin in the experimental period of nearly 
a year and a half. 


TABLE IV 

Anajobobio Dboompobition of Lionik * 
[from Tenney and Wakeman (1930)] 


IfAteriid. 

Per cent, of Apparent lignin Bemalnlog. 

27 Days. 

186 Daya. 

498 Days. 

Ckim stalks. 

103-6 

92-3 

67-3 

Luoeme plemts. 

101-2 

98-6 

99-6 


84 Days. 

168 1>ay8. 

491 Days. 

Rye straw. 

1 91-3 

1 

87-6 

86-2 

Oak leaves. 

101-0 

106-5 

107-5 


* Lignin determined by Schwalbe (1925) method. 


Boroff and Buswell (1929) described conditions under which com 
stalks could be rapidly fermented, and later claimed that lignin 
was unquestionably decomposing and furnishing a portion of the 
gases obtained [Boroff and Buswell (1930)]. The same workers 
(1934) concluded that isolated lignin cannot be completely or 
extensively fermented by a natural anaerobic flora, and stated 
further that they had evidence of a bacteriostatic action, since, on 
its addition to an actively fermenting glucose medium, gas pro¬ 
duction instantly ceased and could not be revived by further 
additions of glucose. They held, however, that the resistance of 
isolated lignin is a result of some modification in its preparation, 
and that in the natural conditions it is available. 

Very recently Levine, Nelson, Anderson, and Jacobs (1985) have 
made attempts to isolate organisms capable of attacking lignin 
under anaerobic conditions. By adding isolated li gnin to active 
fermentations in which lignin was presumably being decomposed, 
they hoped to obtain a substrate with a rich specific lignin flora. 
Their attempts were unsuccessful, because the addition of isolated 
“ alkali ” lignin to actively digesting cornstalk flour or to packing 
house sludge immediately checked the fermentation as indicated 
by gas production. The lignin had apparently a marked restrictive 
action, interfering and checking the progress of fermentation. Tlfls 
inhibitory effect was shown to be due to the H gnin itself, but not 
due to any toxic action on the bacterial flora. They {uefsr the 
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view that this effect may in part be due to a precipitating action of 
lignin on protein, as shown by Waksman and Iyer (1932) with the 
production of complexes, resistant to microbial attack. The final 
conclusion reached by Levine et al (1935) is that they were unable 
to substantiate the claims made by Boroff and Buswell that under 
anaerobic conditions lignin decomposition proceeds as rapidly as 
that of cellulose or hemicelluloses. 

Acharya (1935, i) at Rothamsted has investigated the anaerobic 
decomposition of rice straw by mesophilic organisms over a period 
of several months, and has found clear evidence of the fermentation 
of lignin, though not to such an extent as claimed by Boroff and 
Buswell (1934). Typical results are given in Table V. 

TABLE V 

Akaxbobio Dkoomposition of Lionin in Kiob Straw * 

[from Acharya (1035)] 


PeroentAge Lo«ws. 



1 Month. | 2 Monthb. 

1 _ 

8 Months. 

4 Months. 

0 Months. 


Org. 

Mtttter. 

1^*** iMjiSer.l 

1 

Org. I 1 

Mmtter.j 

Ore. 

MAtier. 


Org. 

MAtter. 

Llg. 

With (NHJgCO, 
With NaNO, . 

18*6 
i 18*6 

1 

12-9 ! 213 1 15-4 
10-8 j 24-3 ! 20-2 

28*2 j 21-5 

32*8 

37-8 

25-5 

20-3 

43-4 

304 

27*9 

231 


* Lignin determined by Norman and Jonkina (1034) method. 


The same worker [Acharya (1935, ii)J has given a particularly inter¬ 
esting series of results comparing the losses of constituents, including 
lignin, of rice straw rotted under anaerobic, waterlogged, and aerobic 
conditions at 30*^. The greatest loss of lignin occurred in the water¬ 
logged straw. The lignin figures are summarised in Table VI. 

TABLE VI 

COMFABISON OF LOSBBS OF LxOlUN FROM KZCS STRAW UNDBB AnABROBIO, WaTJBB- 
UOQOnV AKD AJBBOBIO CONUmOKS AT 30** * 

[from Aohctrya (1035, ii)J 




Peroentige Lo«es of Lignin. 



2 Weeks. 

1 Month. 

8 Months. 

6 Months. 

Anaerobio. 

6-7 

132 

21*8 

28-5 

Waterlogged ..... 

17-4 

22-2 

SO-4 

331 

Aerobio. 

150 

21*6 

26-0 

29*8 

1 


* Lignin detennined by Norman and Jenkins (1034) method. 
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In a Bubsequent survey of the anaerobic fermentation of a 
number of other materials under optimum conditions, Acharya 
(1935, iii) found no more extensive losses of lignin than in rice straw, 
and indeed, in some cases, considerably less, as seen in Table VH. 
The weight of this evidence appears to be in conflict with the view 
of Boroff and Buswell (1930) on the extensive fermentation of lignin 
under anaerobic conditions. For reasons which will appear later 
this work must be given special consideration. 


TABLE VII 

Anakrobio Decomposition of Lignin in Plant Materials ♦ 
[from Acharya (1935, iii)] 




Percentage of Lignin In 



6 Monthe. 


Oiiidnal 



MAterUl. 

Lignin Content. 

— .. 



% 

Without 

With 



added N. 

added N. 

Rice straw. 

9*12 

27*6 

28*6 

Oat straw. 

13*31 

23*3 

26*3 

Wheat straw. 

12*60 

15*4 

23*0 

Barley straw. 

11*88 

11*6 

16*3 

Bracken. 

1 21*72 

3*8 

4*0 

Young grass. 

I 10*46 

10*1 

11*7 

Rape o^e . 

i 7*47 

7*5 

7*5 


* Lignin dotonnined by Norman and Jenkins (1934) method. 


Decomposition of Lignin in Wood 

No attempt will be made to present in detail an account of the 
biological decomposition of timber. Wood is on the whole resistant 
to the attack of most common bacteria and fungi, but is susceptible 
to many of the members of the Basidiomycetes, and, of course, to 
boring by insects. Bray and Andrews (1924) were the first to give 
accurate analyses of the changes produced in wood on decomposition, 
and to show that there was considerable loss of cellulose, and some 
loss of lignin after attack by a number of fungi. The lignin content 
of rotted wood is considerably higher than that of sound wood, 
because of the greater removal of cellulose. Certain organisms, 
particularly Trametea pint, have been stated to attack the lignin 
even more rapidly than the cellulose. As a result, wood-destroying 
fungi were divided rather arbitrarily into those producing “ brown 
rots ” and those producing “ white rots.” The former were stated 
to attack the cellulose primarily, leaving lignin, and the latter to 
remove lignin, though not exclusively. Campbell (1930) has care¬ 
fully investigated the very interesting ” white rot ” produced by 
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Pciyatietus veraicolar and ahown that this fungus attacks first the 
ligi^ and hemioelluloses, but later removes some cellulose as well 
as lignin. He has shown further (1931) that it must not be assumed 
that the lignin has been removed if the rotted wood is white in 
colour. Polyporus hiapidua and Stereum hirautum act in a somewhat 
similar way to Polyatictua, but do not appear to have such a selective 
action on lignin. 

The prevailing view therefore is that wood-destroying fungi 
that attack lignin, invariably remove carbohydrates as well. 


Thb Conflict in Views as to the Biological Availability 

OF Lignin 

The account given above is sufficient to demonstrate the very 
coiitroversial nature of this question. Claims are made that under 
both aerobic and anaerobic conditions, the availability of lignin 
varies from nil or almost nil to 100 per cent. Such a variation is, 
of course, unlikely even if the widely different experimental con¬ 
ditions be taken into account. An explanation has to be found 
elsewhere, and is provided by the difficulties inherent in the accurate 
deter m ination of lignin, which are insufficiently regarded by most 
workers in this field. Methods which under a particular set of 
conditions might give a satisfactory result have been employed on 
materials which are quite unsuitable unless special precautions are 
taken. This is no place to give a detailed review of lignin methods, 
practically all of which depend on the resistance of lignin to con¬ 
centrated acids. Cellulose and other carbohydrates are dissolved 
and subsequently hydrolysed away leaving an insoluble residue 
weighed as lignin. Both 72 per cent. HtS 04 and 42 per cent. HCl 
have been employed. The former is more convenient to handle, 
and in a modification suggested by Schwalbe (1926) was used by 
the majority of workers until the past few years. Recently several 
alternative procedures have been advocated, which give results by 
no means identical. Theif use accounts in part for some of the 
divergencies of opinion. 

There are two major sources of error in the determination of 
lignin, and probably other subsidiary ones. Major errors may be 
due (1) to the presence of certain carbohydrates, and (2) to the 
presence of protein, in materials upon which lignin estimations are 
carried out. 

(1) The purpose of treatment with strong acid is, as mentioned 
above, to effect solution and hydrolysis of cellulose and other carbo¬ 
hydrates. However, it has been shown that pentose sugars, par- 
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tioularly xylose, on standing alone with strong aoid peld an insoluble 
black precipitate [Norman and Jenkins (1934), Hilpert and littman 
(1034)]. The amount produced varies directly with both increase 
of temperature, and time of contact with the aoid. It may be 
minimised by keeping the temperature below 20° C. and the time 
of contact down to 2 or 3 hours. The addition of a pentose sugar 
to any material will increase the apparent lignin content unless 
special precautions are taken. Now practically all plants contain 
pentose units in the encrusting hemicelluloses, or associated with 
the cellulose as “ collulosan ” [Hawley and Norman (1932)]. In 
some, e.p. com stalks or cereal straws, the pentose content is of the 
order of 20 per cent, or more. There is no doubt that this pentose 
material reacts in the same way with strong acids as does a pentose 
sugar alone. In consequence a fictitiously high lignin content may 
be obtained. Some light has been thrown on the nature of the 
disturbance caused. Norman and Jenkins (1934, i) demonstrated 
the slow production of furfuraldehyde from pentose groups in the 
presence of strong acid, and, in later work, the immediate con¬ 
densation of aldehyde with lignin to give a stable lignin-furfuran 
resin. The lignin has only a limited combining power for aldehyde. 
Once this is satisfied further furfuraldehyde condenses with loss of 
water to give dark brown insoluble derivatives, as observed on treat¬ 
ment of xylose with acid. In ordinary circumstances the amount 
of lignin present in mature materials could combine with more 
aldehyde than would be produced from the pentose. 

To avoid error due to this cause, one of two courses may be 
followed. Either the plant material may be submitted to a pre¬ 
liminary hydrolysis with dilute acid to remove pentose-containing 
hemicelluloBes, as suggested by Norman and Jenkins (1934, i) or 
else the time of contact with the strong acid must be as brief as 
possible, and not more than 2 hours, as proposed by Ritter, Seborg 
and Mitchell (1932). Neither treatment is yet accepted beyond 
doubt: the former because the action of the dilute aoid on lignin 
itself is still not clear, and the latter because the pentose effect is 
not entirely excluded. Either method gives a much more satas- 
factory figure than the Schwalbe (1926) method, or that later pro¬ 
posed by the U.S. Forest Products Laboratory and modified by 
Sherrard and Harris (1932). It may be noted that the pro¬ 
cedure suggested by Waksman and Stevens (1930) and used by 
Waksman since that date, is not subject to any error from pNi- 
tose groups since a prehydrolysis with acid forms a part of the 
method. 

(2) The disturbance introduced by the presence of protein in 
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materials on which lignin detenninations are carried out is at present 
more obscure. If proteins are allowed to stand for 16 hours with 
72 per cent. H|SO«, and the solution is then diluted and boiled, 
no precipitate is obtained. If they are added to pure cellulose, and 
similarly treated, the precipitate is negligible. But if added to a 
lignified material, the apparent lignin content is increased and the 
lignin residue contains nitrogen. This was recognised by Paloheimo 
(1925) who stated that all lignin figures obtained on nitrogenous 
materials should be corrected by subtracting an amount equal to 
the nitrogen content of the lignin multiplied by the protein factor, 
0-26. This recommendation was subsequently adopted by Waksman 
and Stevens (1930) in their method. It, however, involves the 
assumption that the nitrogen in the lignin residue is present as 
protein, an assumption which has been shown by Norman and 
Jenkins (1934, ii) to be incorrect. The increase in apparent lignin 
is probably due to the linkage of protein fission products with the 
lignin. No regularity or proportionality in effect was found, small 
quantities of protein producing increments of greater magnitude 
than larger quantities. To confuse the issue still further, it was 
found that if both protein and pentose are present there is an inter¬ 
action which enhances the disturbance. To apply a correction by 
calculating the nitrogen in the lignin as protein is likely to introduce, 
in some oases, an error greater than that it is desired to correct. 
So far, no satisfactory method of avoiding these difficulties has been 
devised. Acid pretreatment, as recommended for minimising the 
pentose disturbance, is partially successful in that the protein 
content of the original material is considerably lowered, and any 
possibility of protein-pentose interaction avoided by the removal of 
the latter. 

No'vy bearing in mind these two sources of error in the lignin 
determination, it is possible to see why divergent conclusions have 
been arrived at as to the availability of lignin. Information on this 
point has naturally been sought by carrying out lignin determinations 
from time to time dxiring decomposition. Because of the ferment¬ 
ation of other constituents, this involves determinations on materials 
which are changing in composition. Under aerobic conditions the 
changes are particularly concerned with just those two groups which 
introduce errors into the lignin determination. Hemicelluloses, 
containing pentose units, are rapidly attacked and removed, whilst 
protein is synthesised by the micro-flora, and accumulates. Unless 
special precautions are taken on the lines mentioned above, the lignin 
determination is affected by errors which, to some extent, may be 
oompensatory as decomposition proceeds. In general, however. 
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the pentose disturbance outweighs the protein disturbance, and 
without there being of necessity any real change in lignin content, 
a wholly illusory apparent loss of lignin may appear merely as a 
result of the fermentation of the hemioelluloses. Under anaerobic 
conditions this is even more likely, since protein synthesis by the 
flora is small. This fact renders the results of Acharya (1936) the 
more significant. 

It is not implied that all the results recorded in the previous 
pages are valueless, because in many cases the losses of lignin ob¬ 
tained were far larger than the possible experimental errors in its 
determination. It is, however, certs.in that small differences cannot 
be regarded as significant, and that in future work very much more 
attention must be given to the method of determination of the lignin. 
The need for this has been pointed out recently by Levine et al 
(1935). Their determinations of lignin were made by a method 
[Peterson, Walde and Hixon (1932)] which does not avoid the dis¬ 
turbance due to pentose. They found considerable difference in 
the apparent lignin content of fermented cornstalk flour before and 
after aqueous extraction, which is probably in part due to the effect 
of removal of a portion of the pentose material. They ascribe 
it to a change in the physical or chemical state of a part of the 
lignin, rendering it extractable or so colloidal as to escape 
recovery. 

The importance of a proper consideration of the method of 
estimation of the lignin in studies on its decomposition may be 
seen from Table VIII, in which is given the results of analyses 
carried out by four different methods on samples of oat straw rotted 
aerobically under optimum conditions for periods up to 1 year. It 
will be noticed that as a result of the rapid sjmthesis of microbial 
protein, and the interference which this causes in the lignin deter¬ 
mination, that there is up to six weeks an apparent increase in 
lignin by aU methods. Over a longer period the apparent lignin 
content falls by all methods to a somewhat similar extent. Because 
of the disturbance introduced by protein which is at least as great 
in the long rotted samples as in the short rotted samples, the actual 
loss of lignin is no doubt greater than the figures recorded. There 
is no known method of ascertaining the magnitude of the error, 
and hence the actual degree of decomposition of the lignin. The 
losses recorded, however, are outside of the range of error, and 
must be taken as evidence of the slow aerobic fermentation of 
this substance. 
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TABLE VIII 

Abbobio Bboompositzok 07 Lzobik in Oat Straw 
[/rom Norman (1935)] 

Results expressed on basis of original straw. 



hOM Clf 

Method l.*> 

Method 2.* 

Method 8.* 

Method 4.* 

Time. 

Dry 

Mntter. 

% 

% 

Orlg. 

T 

Llg. M 

% of 

^Ig. 

“/o 

Llg. M 
% of 
(klg. 

T 

Llg. SI 

Orlg. 



17-6 

100 

19-8 

100 

13-7 

100 

14-3 

100 

1 wook . 

14'28 

18-6 

106 

19-3 

98 

I.VO 

116 

16-3 

114 

2 weeks . 

28-40 

200 

114 

20-1 

102 

16-4 

119 

17-1 

119 

3 weeks . 

1 36-07 

19-1 

10» 

19-6 

99 

16-3 

119 

15-3 

107 

6 weeks . 

! 44-41 

19-3 

no 

19-0 

96 

16-9 

116 

13-9 

97 

3 months 

61-79 1 

17-4 

99 

16-8 

85 

14-5 

106 

12-1 

85 

6 months 

67-32 j 

14-9 

86 

14-7 

76 

12-3 

90 

9-9 

69 

0 months 

69-26 

13-5 

77 

12-8 

65 

11-6 

84 

9-8 

69 

12 montlig . 

62-03 

11-2 

64 

10-9 

55 

8-8 

64 

7-1 

60 


♦ Method 1—2 hr. with 72 per cent. H 18 O 4 , < 20® C., diluted to 3 per cent., 
boiled 2 hr. 

Method 2—16 hr. with 72 per cent. H 4 SO 4 , < 20® C., diluted to 3 per cent., 
boiled 2 hr. 

Method 3—Prehydrolysis with 6 per cent. H| 804 , 1 hr., then as method 2 
[Norman and Jenkins (1934)]. 

Method 4—Pre-extraction with hot water 3 hr., then as method 1, but boiled 
after dilution for 4 hr. [Hitter, Seborg and Mitchell (1932)]. 

CONOIitlSION 

From the many conflicting results presented above, it is not 
possible to present dogmatically any clear-cut conclusions. If the 
difficulties of estimation be taken into consideration and the methods 
employed are reviewed in the light of possible errors, then the 
following would seem to be a fair statement of the position. 

Lignin under aerobic conditions and in situ in plant materials, 
is by far the most resistant major constituent, and over brief periods 
suffers little or no loss. If, however, fermentation is prolonged for 
months or even years, a slow decomposition does, in fact, occur. 
Nothing approaching complete removal has ever been obtained. 

Lignin in woods, and in materials such as straw, may be attacked 
fairly reewiily though not very rajadly by fungi of the Basidiomycete 
type, but its removal is always accompanied by losses of cellulose 
and hemicelluloses. 

Lignin under anaerobic conditions is slowly attacked by both 
mesophilic and thermophilic organisms, but is much less available 
than the other constituents. The only report of extensive fermmit- 
ation has not been authenticated. 

Normal isolated lignin seems to be unavailable both to aerobic 
and anaerobic miorofloras, and indeed, evidence of a definite baoterio- 
static action has been obtained. 
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SYNTHETIC ANTI-MALARIALS 

By W. O. KERMACK, M.A., D.Sc. 

R$$ 0 (trch LabofolorVt Roifal OotUps of Phytidamt Bdinbwrgh 

MAiiARiA is one of the major destructive diseases attacking the 
human race. In India alone, it is reckoned that 80-100 millions 
out of 370 millions contract this disease every year. Amongst 
the vast populations of south-eastern Asia as well as of the con¬ 
tinents of Africa and America it exacts its heavy toll. The fight 
against it is carried out on many fronts. Control of the disease 
is attempted by measures directed against the mosquito, which, 
as everybody now knows, is the carrier conveying the disease from 
man to man. The drainage of land in order to remove suitable 
breeding places and the oUing of ponds and lakes so as to destroy 
the mosquito larvae are amongst the measures taken by public 
authorities in many countries, whilst personal precautions, designed 
to minimise the number of mosquito bites, are taken for granted 
as but prudent common sense in malarious regions. With all this 
work the name of Sir Ronald Ross will always be associated. 

But in recent years a vigorous attempt has been made to attack 
the malaria problem from a new angle. The eflfioiency of quinine 
as a specific drug against malaria has been known to Western 
Europe since the seventeenth century. It is in the large majority 
of cases reaUy efficacious and its use is widespread, but even so 
it has certain important drawbacks. Large doses are required over 
considerable periods and this not infrequently gives rise to dis- 
tmbing and even alarming toxic symptoms. Occasionally, where 
an extreme degree of sensitiveness to the drug seems to exist, these 
untoward effects may be so severe as to exclude the use of quinine 
absolutely. Though relatively cheap, the quinine alkaloids are 
still too dear to allow of their free use by the poverty-stricken 
multitudes amongst whom the disease is so rampant. The cure 
of the symptoms, which may be effected within a few days, is 
often followed by a relapse when the treatment is stopped, and 
this is particularly unfortunate where economic reasons prevent 
the patient being kept for more than a few days away from work 
or even under medical observation. It is not surprising, therefore, 
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that in this age of synthetic Organic Chemistry, attempts should 
have been made to manufacture compounds more or less closely 
related to quinine, in the hope of obtaining a drug with all the 
efficiency and none of the disadvantages of the natural alkaloid. 
The search has been a long and difficult one. The problem is com¬ 
plicated because the malarial parasite has curious and complex 
ways. There are three distinct types of parasite, sub-tertian, 
benign tertian and quartan, and each type goes through an elaborate 
life cycle assuming various forms in the mosquito and in the human 
host. What is really wanted is a drug which will attack each of 
the forms of each of the parasites with complete and certain effect 
and at the same time be so specific as to leave the tissues of the 
host quite unharmed. Four lectures were delivered by Dr. Green 
in May 1934 at the course on Malariology at Singapore under the 
auspices of the League of Nations and give a very interesting and 
valuable account of the progress so far made.* Naturally they 
are concerned in the most part with the two synthetic anti-malarials 
which have become best known during the last ten years, namely 
plasmoquin and atebrin. Both of these are the result of prolonged 
research carried out by the Bayer C!o. at Elberfeld. The former is a 
quinoline and the latter is an acridine derivative and for purposes 
of comparison their structural formulae are given below beside that 
of quinine. 



QuiNiirs. Plasmoquin. Atbbbin. 


The first lecture gives a general survey of the history and 
chemical properties of the new anti-malarials. In the second lecture 
the practical advantages and disadvantages of plasmoquin are dis* 
cussed, special attention being directed to the results obtained 
with it in the Malay States. The third lecture deals similarly with 
atebrin, whilst in the fourth and last lecture the present position 

^ Lectures on the Development and Use of Synthetic Anti~malaHcd Drugs* 
By Eichard Green. [Pp. 50.] [Bulletin from the Institute of Medical 
Besearoh. Federated Malay States.] 
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is surveyed and the r61e of the synthetic compounds in the treatment 
of malaria is summed up. 

Plasmoquin, it would seem, has not fulfilled its early promise. 
In the case of quartan and benign tertian malaria it is doubtful 
whether it has any advantage over quinine. In the case of the 
important sub-tertian tyi)e of malaria it would appear to be with¬ 
out action on the asexual form—unlike quinine by which this 
is destroyed—but on the other hand it does seem to attack the 
gametocytes, the crescent forms which frequently persist in the 
blood and which, by infecting biting mosquitos, make possible 
the spread of the disease. Atebrin, on the other hand, in its chemo¬ 
therapeutic action, would seem to be very similar to quinine, only 
the dose required is smaller, and the toxicity would seem to be 
usually quite low. Like quinine, it does not seem to possess the 
power of sterilising the sub-tertian crescent carrier. Incidentally 
this result illiistrates the very complex nature of the relationship 
between chemotherapeutic action and chemical constitution, for a 
glance at the formulse will show that, chemically speaking, atebrin 
is far removed from quinine and yet, chemotherapeutically, these 
two seem more closely related to each other than either is to plasmo¬ 
quin. The fourth lecture deals with the present position with 
regard to the use of anti-malarial drugs. Plasmoquin is definitely 
not suitable for the general treatment of malaria. It is rather 
treacherously toxic, and, moreover, fails to deal with the asexual 
form of the sub-tertian parasite. Atebrin, on the other hand, would 
seem to be in almost every way as effective as quinine and to be 
definitely superior in reducing the number of relapses. Being a 
relatively new medicinal it is doubtful whether the optimum con¬ 
ditions for its use have yet been completely ascertained. Even 
as it is, serious toxic effects would seem to be quite rare. 

For the treatment of the great malarial stricken masses of the 
tropical and sub-tropical regions of the world a drug is required 
which is very cheap, very efficient and very safe. Nothing so far 
known quite meets all requirements but the development of active 
synthetic compounds clearly points to the possibility of still better 
ones being obtained if only sufficient energy and money is given 
to the problem. It is stated that 12,000 different compounds were 
prepared and tested by the I. G. German chemical combine in the 
course of the development of plasmoquin and atebrin. This in¬ 
dicates the magnitude of the effort which is required. But the 
objective is one of world-wide importance and it is to be hoped 
that the resources of Medinine on the one hand, and of Chemistry 
on the other, will be combined in ever-increasing efforts to solve 
successfully this grave and important problem. 



RECENT ADVANCES IN SCIENCE 


ASTRONOMY. By R. W. Wkiolkv, M.A.. F.R.S.E., Royal Observa¬ 
tory, Edinburgh. 

Stellar Parallaxes. —A second edition of the General Catalogue 
of Stellar Parallaxes has now been issued by the Yale University 
Observatory. It has been compiled by Frank Schlesinger with 
the collaboration of Louise F. Jenkins, and obviously could not 
have been entrusted to better hands. It contains all the trigono¬ 
metric, spectroscopic and dynamic determinations which were avail¬ 
able through publication or correspondence in January, 1936. The 
parallaxes given have all been reduced to a homogeneous system, 
and special care has been devoted to making the probable errors 
correspond to the reliability of the results. 

Part I, containing the trigonometric and spectroscopic paral¬ 
laxes, comprises 7534 stars, many of which have been observed 
by both methods. The trigonometric determinations are restricted 
to those with a probable error not exceeding 0''’016. The series 
from ten different observatories have been carefully compared, both 
with each other and with the Mount Wilson spectroscopic values, 
and in only one case does the correction necessary to reduce them 
to a uniform system exceed 0'’003, this exception being the Dear¬ 
born series in which no rotating sector was employed in securing 
the photographs, and which show a marked correlation with the 
brightness of the stars. The spectroscopic parallaxes have all been 
adjusted to the Mount Wilson system, which, in its turn, was 
calibrated with trigonometric determinations, so the results obtained 
by both methods are on a nearly uniform basis. The average 
probable error of the absolute magnitudes obtained at Mount Wilson 
is only 0-4 magnitude, and determinations at other observatories 
have nearly the same accuracy, though needing corrections, in some 
cases as great as 1*2 magnitude, for reduction to the basic 83 rBtem. 

The dynamic parallaxes, 2444 in number, have been computed 
from the orbital motions of double stars on the assumptions (1) that 
the masses in any specified system are in accordance with the 
maiM-luminosity law; and (2) that the perspective foreahortening 
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of the orbital motion is equal to the mean foreshortening. The 
list includes computations by Russell and Moore of all the objects 
in Aitken’s and Burnham’s catalogues for which sufficient observa¬ 
tional material was available, supplemented by a number of new 
discoveries by Aitken computed by Miss Moore at Princeton, while 
all the stars south of declination — 19° have been computed by 
W. S. Finsen at the Union Observatory, Johannesburg. Uniformity 
has been secured by the use of the same constants and processes 
throughout. The resulting d 3 rnamic parallaxes are divided as to 
quality into three classes, good, fair and poor. According to RusseU 
and Moore the probable error in terms of the true parallax after 
allowing for both observational and statistical errors is for the 
“ good ” ± 28 per cent., for the “ fair ” ± 36 per cent., and for the 
“ poor ” ± 60 per cent., giving their weights as approximately 
3:2:1. In the case of the Johannesburg parallaxes, these southern 
stars have been under accurate observation for a much shorter 
time, and Finsen has divided them into two groups. For the 
former Schlesinger estimates the probable error as ± 36 per cent, 
and for the latter ± 60 per cent, of the true parallax of the system. 

Dr. Schlesinger was able to include in his catalogue a consider¬ 
able number of recently determined parallaxes which were supplied 
to him prior to publication. One important list thus included has 
now appeared as Vol. II of Obaervationa of Stellar Parallax from 
photographa taken and meaaured al (he Royal Obaervatory, Oreentoich 
(London, H.M. Stationery Office). This completes determinations 
for 616 stars, of which 488 are B.D. stars and the remainder are 
fainter objects with annual proper motion exceeding 0'-20, the 
programme being confined almost entirely to the Greenwich Astro- 
graphic Zone, + 64° to the Pole. The photographs were all taken 
with the Thompson refractor of 22 feet 6 inches focal length, giving 
a scale of 1 mm. to 30*. The programme included observation 
of each star at not less than 6 epochs, with 4 plates at each epoch, 
the length of which was approximately a month. The magnitude 
of the parallax star was oontrcffied by a neutral coloured filter 
mounted 7 mm. in fixtnt of the plate, and, by making a second 
exposure with the filter and plate turned through 180°, any dis¬ 
placement by the filter was eliminated in the mean. Generally 
six comparison stars distributed as symmetrically as possible and 
of average magnitude 11-6 were used in each determination. 

The greatest parallax in this catalogue is 0'-247, eight reach 
or exceed 0 *'10, and 48 lie between 0**06 and 0 **10. The jHXtbable 
error of an average parallax is given as ± 0**0086. This varies 
slightly with Bight Ascension owing to the high latitude of Green* 
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wich and the consequent long duration of twilight in summer, 
but even at R.A. 18 hours the probable error is only ± 0*-0106. 
From the stellar parallaxes and apparent magnitudes absolute 
magnitudes have been calculated, and a table is given showing the 
stars grouped according to their spectral types, with their mean 
proper motions, visual and absolute magnitudes, parallaxes and 
cross velocities all exhibited. For the Ko stars there is a marked 
run of absolute magnitude with proper motion, the stars of larger 
proper motion being intrinsically fainter. The same run is appar¬ 
ently present, though less markedly, in other spectral types. It 
is concluded that the observation of the B.D. stars in the Green¬ 
wich Astrographic Zone is now complete down to parallax 0'*080, 
and probably nearly so down to 0'-060. 

The second important list only just published is that of the 
spectroscopic absolute magnitudes and parallaxes of 4179 stars, 
issued over the names of Adams, Joy, Humason, and Miss Bra 3 rton 
{Contrib. from the Mount Wilson Observatory, No. 611). Although 
it can claim a definite physical basis, the spectroscopic method of 
determining parallax is essentially empirical. The absolute magni¬ 
tudes of a group of stars of the same spectral type are first obtained 
trigonometrically, and their spectra are then examined for lines 
which change in intensity with the star’s absolute magnitude. The 
intensity of each variable line is estimated with reference to a 
neighbouring line of constant density, and, finally, empirical cali¬ 
brating curves are drawn connecting the intensity differences with 
the absolute magnitudes. The total intensity of each line is the 
quantity measured, and not merely its depth or width. The process 
is repeated in turn for stars of each spectral type, and has proved 
very successful for classes later than A6, a satisfactory agreement 
being secured with the trigonometric system. The present catalogue 
is composed mainly of stars of the spectral classes F, Q, K and M, 
and is practically complete as regards stars contained in Boss’s 
PreUminary General Catalogue north of declination — 26® and later 
than tjrpe A. The distribution of absolute magnitudes with respect 
to spectral class has been determined and is shown in a diagram. 
The main sequence and the giant series of stars are clearly defined, 
as is also the gap between giants and dwarfs of types K and M. 
The lack of F t}q)e stars in the giant series is a prominent feature. 

A third list, 217 in number, is that just issued by the Royal 
Observatory, Cape of Good Hope (H.M. Stationray Office, 1935). 
It represents work done during the years 1926-1930 with the 24-inoh 
Victoria refractor, focal length 22 feet 6 inches. The resulting scale 
of the photographs, 1 mm. » 30', is the same as was used at Ghmeii* 
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wioh, and, although on the small side for parallax work, is not 
unsuitable for the poor definition frequently experienced at the 
Cape. The stars were all selected from Schorr’s Eigenbew^imgs- 
Lexikon south of dec. — 10° and have proper motions exceeding 
40' per century. The plan of observation, measurement and re¬ 
duction closely resembled that adopted at Greenwich, but the 
brightness of the parallax star was cut down by a rotating sector 
driven by a jet of compressed air directed on to its rim. The cata¬ 
logue shows a large proportion of significant parallaxes, due to the 
selection of stars with considerable proper motions. One hundred 
and forty-nine have parallaxes of 0'-020 or over, fifty lie between 
0'-06 and O'-IO, while thirteen exceed the latter figure. A table 
exhibits the absolute magnitudes of the stars arranged according 
to their spectral class. For stars of parallax exceeding 0''02, the 
mean values give magnitude 4-6 for class F5, 6-1 for Go, decreasing 
to 7-6 for K6 and 8-8 for Ma. These stars evidently belong to the 
main sequence. The stars of type Ma have the large average 
parallax 0''177. 

Parallaxbs of Novas. —^The distances of novse are generally 
too large to be determined trigonometrically with any accuracy, 
and other methods have perforce been utilised. In the case of 
Nova Persei, 1901, several months after its maximum a faint 
nebulous ring was discovered around it. This was observed to 
expand at the rate of a few seconds of arc a week, and was intw- 
preted as a wave of light gradually spreading and iUuminatmg 
in turn more distant parts of a surrounding nebula. On this 
assumption it was possible, by measuring the angular velocity of 
the advancing front of the wave, to estimate the distance of the 
nova as 350 light years. Nova Aquilee, 1918, was also found to 
be surrounded by an expanding luminous shell, but in this case 
the motion was much slower, being only a few seconds of arc a 
year. It was assumed that here was an actual expanding shell 
of gas instead of a shell of light, and by comparing its measured 
angular rate with spectroscopic observations of the displacements 
of its absorption lines the distance of the nova could be estimated 
at 1200 light years. But the method has the uncertainty that 
different elements may give different radial velocities, while in 
addition all novea do not develop in the same way. 

For Nova Herculis, 1984, a new method has been utilised by 
E. G. Williams at Cambridge {Monthly Notices, B.A.S., 1936, Mayj. 
It is based on the intensity of the interstellar lines H and K, whi<di 
are generally easily recognisable in the spectra owing to the large 
Doppler displacements of the absorption Unes of the nova itself. 
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The measures were made with a microphotometer on 24 plates 
taken with a 2 prism spectrograph on the 26>inoh refiractor. The 
result was finally based on the intensities of the K line, which were 
compared with the intensity of the same interstellar line in a number 
of early type stars whose distances had been obtained by the spectro¬ 
scopic parallax method. The resulting distance for the nova is 
1200 light years, giving it an absolute magnitude of — 6-5 at maxi¬ 
mum compared with + 6-7 before its outburst, its light having 
increased some 200,000 times. The distance of the nova from 
the galactic plane appears to be of the unusually high order 
of 600 light years. In view of a possible lack of uniformity in the 
calcium cloud with increasing distance from the galactic plane, some 
uncertainty is attached to these estimates. 

Internal Motions in Spiral Nebttlab. —^About twelve years 
ago {ConiribuUona from Mount WiUon Observatory, No. 200), Dr. 
van Maanen announced his discovery of large internal motions* 
in certain spiral nebulae, based on measures of long exposure photo¬ 
graphs taken at the 25-foot focus of the 60-inch reflector. Special 
attention was paid to the nebula Messier 33, for which two photo¬ 
graphs taken in 1910 and 1922 respectively were compared. The 
results, based on measures of 24 comparison stars and 399 nebular 
points, indicated rotatory motions with periods, varying with dis¬ 
tance from the centre, of from 00,000 to 240,000 years. Six 
additional spirals were treated in a similar way, and in each case 
an internal motion, readily interpreted as a motion outwards along 
the arms, was detected. Such a motion is in accordance with 
the theoretical work of Jeans, but the velocities implied by the 
displacements measured by van Maanen were surprisingly large, 
being of the order of thousands of miles a second. The extra¬ 
ordinary significance of such large angular rotations has led to 
the remeasurement of four of the nebulae by Edwin Hubble (Mount 
Wilson Contribution, No. 614). In this case the photographs were 
all made at the Newtonian focus of the 60-inch reflector, and the 
measures comprised two early and two later plates for each nebula, 
the average interval between the exposures being 19 years. They 
were measured independently on a double slide machine , using 
about 20 reference stars and 60 nebular points, while the effbot 
of personality was investigated by check measures being made by 
different members of the staff. Rather unexpectedly, the results 
showed no displacements which were not comparable in size with 
the errors of measurement, and certainly no rotations of the order 
found by van Maanen were present. Hubble considers that the 
differences interpreted in 1923 as rotations were really due to 
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systematio errors of measurement In one of the sets, each of which 
appeared internally consistent. 

In No. 616 of the Mount Wilton CorUributiont, van Maanen men¬ 
tions several possible sources of systematic error in these measures. 
They include the length of the exposures which in some cases 
extended over several nights ; the large hour angles involved; 
the choice of comparison stars which were generally brighter than 
the nebular points and by no means centrally or 83 ntnmetrioally 
pla(^ on the plates ; and possible effects of differential coma. 

' Owing to his recognition of these difficulties in 1923, he then decided 
to postpone further investigations until photographs taken at suffi¬ 
cient intervals with the 100-inch telescope became available for 
measurement. Suitable pairs of plates of two nebulee, M 33 and 
M 74 taken with the larger instrument at an interval of nine years 
have just been measured. Care was taken to make the hour angles 
equal, and the exposures needed were only about one hour. The 
measures show angular velocities for both nebulae in the same 
direction as before, but the values are small. For M 33 the 1023 
rotational component 0*-020 is reduced to -f 0*-013, while the 
value for M 74 which was not previously measured is only -f- 0*‘008. 
In view of these differences van Maanen agrees that the difficulty 
of avoiding systematic errors makes one view the motions with 
reserve. Further investigation with the lOO-inch telescope is taking 
place under conditions chosen to avoid such disturbing mfiuences 
as far as possible. 


PHYSICS. By L. F. Batks, Fh.D., D.So., F.InBt.P., University College. 

London. 

Thb Pbopebtiss of Rochelle Salt Crystals. —In recent years 
the pronounced electrical properties of Rochelle salt crystals have 
been the subject of a large number of researches, for the dielectric 
properties of this material appear to be at least as unique as the 
magnetic properties of iron. Chemical analysis shows the salt to 
consist of potassium-sodium tartrate with 4 molecules of water 
of eystallisation. The latter are not very tightly bound for the 
crystals dehydrate in air, and, according to Valasek (Phyt. Rev., 
19, 478,1922), a crystal may easily be dried to such an extent that 
it loses 6 per cent, of its weight without suffering change in its 
appearance. Unfortunately, this means that the crystals are not 
easy to handle, and, in adffition, they are extraordinarily sensitive 
to thermal and mechanical disturbances; the heat which enters 
a crystal in contact with one’s hand is often sufficient to cause it 
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to break up, and rapid changes of temperature produce corresponding 
marked disintegrations. 

Such crystals cannot be split in the usual maimer, but use can 
be made of their great solubility in water, and Busch {Hdv. Phya. 
Acta, VI, 315,1933), who describes a convenient method of growing 
them, has shown that quite small sections may readily be cut from 
large crystals without damage. This is done by the usual method 
of causing an endless silk thread, moistened with water, to run over 
two brass pulleys so that in its passage the thread presses very 
gently upon the crystal to be cut, thus making a clean, narrow 
division. The crystals are stable up to 54° C., above which temper¬ 
ature they melt and form two separate tartrates. Well formed 
prismatic specimens were considered by Miittrich (1864) to belong 
to the orthorhombic hemihedral crystal class V. It was therefore 
deduced that the crystal had no direction of polarity and no centre 
of S 3 rmmetry, and could thus be piezoelectric but not pyroelectric ; 
the latter deduction is of course very hard to verify by experimental 
test in view of the above remarks. As far back as 1863, however, 
Pockels showed that the piezoelectric moduli were extremely high, 
and Cady later showed that they varied considerably with the 
magnitude of the applied load. 

Important work on the dielectric and piezoelectric properties 
of the crystals was carried out by Valasek (Phya. Rev., 19, 478, 
1922 ; 23, 114, 1924; 46, 450, 1934). A serious difficulty en¬ 
countered in these researches was the provision of suitable electrodes. 
It is always difficult satisfactorily to attach electrodes to a solid 
dielectric, and when the latter’s constant is very high the chances 
of introducing errors are great. Some workers have used electrodes 
of saturated Rochelle salt solution. For example, Kobeko and 
Kurtsohatow (Zeit. fitr Phya., 66, 192, 1930) cemented glass tubes 
to the opposite sides of a crystal and filled them with the solution. 
Busch found, however, that with these electrodes it was impossible 
entirely to avoid either solution of the crystal surface or deposition 
from the electrode solution, owing to the great solubility of the salt 
and its marked dependence on temperature. Other workers have 
cemented metal foils to the crystal surfaces with solutions of 
Canada balsam in xylol, etc., but in such cases the presence of a 
film of adhesive material between the foil and crystal was likely 
to lead to incorrect results. Valasek in his most recent work used 
silver-plated electrodes formed by evaporating silver and allowing 
it to condense on the crystal surface in a vacuum. Busch oonsidets 
that the best electrodes are made in the following manner. A piece 
of thin paper with a central hole 6 mm. in diameter is pasted on 



PHYSIOS 


467 


the crystal surface. The uncovered portion of the surface is then 
coated with graphite by rubbing it with a 6 B Kohinoor lead pencil. 
Glass tubes, one being straight and the other U-shaped, are attached 
by shellac varnish to opposite faces of the crystal concentric with 
the pencilled portions. Finally, when dry the tubes are filled with 
mercury and provided with platinum leads. 

Valasek found that the dielectric constant, sn, and the piezo¬ 
electric modulus along the a-axis in the crystal were imusually 
high between — 30° and -f- 30° C. Thus, cn rose from 140 to 
1380 and then fell to 423 as the temperature was raised. Sawyer 
and Tower {Phys. Rev., 35, 269, 1930), who were interested in the 
possibility of commercial applications of the crystals, found that 
clear, flawless half-crystals 45 cm. long and weighing 2 Kgm. could 
be obtained. They found that a section 4-75 mm. thick, cut per¬ 
pendicular to the a-axis, gave a dielectric constant, Cn, of 18,000 
when tested at 16° C. with alternating potentials of 60 volts at 60 
cycles per second. Kobeko and Kurtschatow (Zeit. fllr Phye., 66, 
192, 1930) emphasised the importance of good electrode contact 
and showed that the higher value 20,000 was obtained with good 
contacts. 

The electric and piezoelectric polarisations provided hysteresis 
curves similar to the magnetisation curves of ferromagnetic materials, 
and the saturation values of the polarisation for fields in opposite 
directions parallel to the a-axis were different. When Su was 
plotted as a function of the intensity of the applied electric field 
the curve showed a maximum much the same as that of a /(, H curve 
for iron, and this maximum occurred at a definite value of the field. 
Sawyer and Tower were able to obtain very clear hysteresis cycles 
using a cathode ray oscillograph. The electric polarisation also 
exhibited fatigue phenomena, so that the longer the period for 
which a condenser with a Rochelle salt dielectric was left connected 
to a charging battery, the smaller might be the quantity of electricity 
obtainable on first discharge. For example, Valasek found that 
with a crystal section O-IS cm. thick the charge measured in the 
usual way by a ballistic galvanometer was a maximum when the 
time of charging was 2 seconds, after which it slowly decreased to 
about one-half the maximum value for a charging time of 24 hours. 
The fatigue phenomena were confined to the temperature range 
— 80° to ■+• 30° C., and further reference will later be made to them. 
Yet, Valasek found that the remaining physical properties behaved 
in a more or less normal manner, with the exception of electrical 
conductivity and electric double lefiraotion. The former showed 
difiSnenoes in magnitude in the two directions parallel to the a-axis, 
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and the latter decreased rapidly above 20® C. The dielectric con¬ 
stants e,, and £«« and the corresponding piezoelectric moduli were 
relatively small and independent of the temperature in the critical 
range mentioned above ; in other words, only the properties parallel 
to the a-axis are of major interest. 

Now, Valasek concluded because the electric polarisation and 
the electric conductivity had different values in the two directions 
parallel to the a-axis, that the latter was a polar axis and that the 
crystal possessed a natural electric moment, parallel thereto. This 
would mean a breakdown of Neumann’s principle, which states that 
the physical properties of the crystal have always at least the 
symmetry of the crystal form. Experiments were therefore made 
to find whether the crystals exhibited pyroelectricity, but their 
interpretation is most difficult for the high value of the dielectric 
constant makes it possible for strains produced on heating to give 
rise to an electric moment, although they would still be insufficient 
to produce visible departure from the symmetry of crystal class V. 

The striking behaviour of the dielectric constant immediately 
caused it to be compared with the permeability of ferromagnetic 
materials, and the idea that an internal molecular field was respon¬ 
sible for the high values was early postulated by Valasek, who looked 
upon the -f 30° point, at which the dielectric constant changed so 
rapidly, as a kind of electrical Curie point. His view was supported 
by Kobeko and Kurtschatow who measured the electrocaloric effect 
in RocheUe salt. One set of a sensitive system of thermojunotions 
was suitably attached to a crystal while the other was close to it 
but not in thermal contact. Then, when an electric field was 
suddenly established in the crystal there resulted a change in internal 
potential energy, because of the alignment of the elementary electric 
particles, which was manifested by the liberation or absorption of 
heat, duly recorded by the thermojunotions. By analogy with 
ferromagnetism a liberation of heat would be expected. Such an 
effect is not due to hysteresis, it should be strictly reversible, and 
any ordinary hysteresis effects ought to be eliminated by taking the 
mean of the temperature changes observed when the field is switched 
on and switched off. The electrocaloric temperature change was 
plotted as a function of the mean temperature of the crystal for 
chosen values of the applied field, and the curves thus obtained were 
in many respects similar to those observed by Weiss and by Potter 
in analogous experiments with iron, a very pronouno^ peak 
occurring at + 26° C. Now, when this temperature change was 
plotted as a function of the square of the electric polaruation, P. 
the mean temperatures of the crystal being kept constant at chosen 
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values, there was obtained a series of curves like the AT, < 7 * curves 
found by Weiss and by Potter for iron. These curves gave inter¬ 
cepts on the P* axis firom which the mean value of the electric 
moment per molecule and the constant of the internal field could 
be found ; the former was 1C““ e.s.u. and the latter 10’ volt per 
cm. per unit polmisation. 

There remain other features which call for comment. Thus, 
below 0° C., instead of a rise in temperature on switching on the field, 
a fall was observed, and there was a well pronounced maximum fall 
at about — 20° C., the magnitude of the effects being independent 
of the direction of the field applied parallel to the a-axis. As in 
the case of ferromagnetic materials, the specific heat of the salt 
was found by Muller {Phy$. Rev., 43, 600, 1933) to rise to a sharp 
maximum and then to fall rapidly in the immediate neighbourhood 
of the so-called Curie point at -f 25° C. Moreover, the electric 
polarisation in very weak fields rose to a sharp maximum just before 
tliis point, in a manner exactly similar to the variation of the 
magnetic permeability of iron in weak fields. 

The term Curie point is a loose one, for with iron we distinguish 
between the ferromagnetic Curie point and the paramagnetic Curie 
point, the former being the temperature at which spontaneous 
ferromagnetism disappears and the latter the temperature constant 
or parameter which occurs in the Curie-Weiss expression for the 
magnetic susceptibility in the paramagnetic state. Now, Muller 
measured the dielectric constant of Rochelle salt between 23° and 
60° C. with the aid of a capacity bridge, supplied with alternating 
current at 1000 cycles per second. He found that a Curie-Weiss 
law was followed between 34° and 60° C. with a Curie constant of 
128-6 and a Curie point, analogous to a paramagnetic Curie point, 
at 24-9° C. From these values the Lorentz-Lorenz factor was 
calculated to be 2-316, while that calculated on the assumption that 
the dielectric phenomena were due to the free rotation of the mole¬ 
cules of water of crystallisation was 2-314; these calculations do 
not appear to have been published in extenso. 

The analogy between ferromagnetism and the behaviour of 
Rochelle salt formed the basis of a set of experiments by Staub 
{Helv. Phye. Acta, VII, 2, 1934) who has investigated its properties 
by means of X-rays. Staub considered that the electric polarisation 
might arise from displacement of groups of ions in the crystal lattice 
possessing permanent electric moments, and that, consequently, 
there should be a change in the intensity of X-radiation reflected 
from a crystal, on the application of an electric field. He considered, 
too, that the intensity should exhibit marked changes as the temper- 
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ature of the crystal was raised, even in the absence of an applied 
field. He investigated these points by a neat ionisation method in 
which the ionisation current in a chamber traversed by the incident 
beam of X-rays was balanced against that in a chamber through 
which passed the rays reflected from a Rochelle salt crystal. A 
resistance Rj in the first circuit was connected in series with a 
resistance Rg in the second circuit and the resulting potential 
difference across R, -f R» was supplied to the grid of a valve 
amplifier. When the potential differences between the ends of the 
several resistances R, and R, were equal, the resultant was tsero. 
The amplifier was used in conjunction with a sensitive galvanometer 
arranged as a null instrument by suitable connections to neutralise 
the anode current through the valve. The deflections of the galvan¬ 
ometer produced by intensity changes were recorded photographic¬ 
ally. In order to carry out experiments on X-ray reflection at 
different temperatures the whole X-ray spectrograph was enclosed 
in a box covered with felt, containing a cooling coil and a small 
electric heater. 

The ratio A I/I was measured, where A I was the change in 
the intensity I observed when an electric field was applied. This 
ratio was found to be different when the field was applied in opposite 
directions parallel to the a-axis. When the ratio was plotted as 
a function of temperature for an applied field of 666 volts per cm. 
it was found that for the field in one direction the ratio rose to a 
maximum between 21-2 and 21-6° C. and then fell to zero at 24*6°, 
while for the field in the other direction it fell gradually to ^ro at 
the latter temperature. The ratio for a fixed direction of the field 
was the same whether reflection took place from the front or reax 
face of the crystal, and this was taken to mean that surface and 
space charge phenomena were not responsible for the high dielectric 
constant. The hysteresis effects observed by Valasek did not appear 
in quite the same way in Staub’s measurements, for the X-ray 
intensity changes were recorded immediately upon the application 
of the field, but the time of relaxation as they disappeared on re¬ 
moval of the field was very large, particularly when the field had 
been applied for a long time. This would account for Valasek’s 
observations described above. The time of relaxation decreased 
with rise in temperature and fell rapidly in the neighbourhood of 
the so-called Curie point; there were marked differences betwewi 
dry and wet crystals, the latter being crystals which had been newly 
polished by rubbing on a ground glass plate moistened with water. 

We may now turn once more to the results of measurements 
made with alternating potentials. For instance, Valasek {Pkfft. 
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Seo., 46 , 450, 1934) measured the dielectric constant of crystals over 
a fitequenoy range of 30 to 30 x 10* cycles per second while the 
temperature was maintained constant at 0° C. It fell steadily from 
62,000 at 30 cycles to 220 at 10’ cycles when there followed a 
sudden drop to negative values, i.e. the reactance of the crystal 
became inductive, at a critical frequency of about 14 x 10* 
cycles which so persisted up to the limit of the applied fiequenoies. 
This critical frequency appeared independent of the dimensions of 
the crystal and was considered to be due to a different cause than 
that considered responsible for the critical frequencies observed by 
Frayne (Phya. Rev., 21 , 348, 1923) and by Errera (Phys. Zeit., 32 , 
368, 1931). The latter worker found that the dielectric constant 
fell more or less regularly from about 80 at 1-6 x 10‘ cycles to a 
value of — 400, then rose to a maximum of -f- 700 at 2 x 10® 
cycles and finally fell slowly to values which, while depending con¬ 
siderably upon the intensity of the applied field, still remained much 
higher than those obtained at frequencies further removed from the 
above range. Clearly, some kind of resonance was involved, and 
Busch (Helv. Phya. Acta, VI, 315, 1933) showed that this so-called 
anomalous electrical dispersion was caused by piezoelectric resonance 
vibrations of the crystal as a whole, and was not due to any property 
of the individual particles in the crystal, since he found that the 
frequency at which the maximum dielectric constant was observed 
depended upon the dimensions of the crystal. Both the value of 
this frequency and that of the corresponding dielectric constant 
depended greatly upon the temperature. Unfortunately all the 
above experiments still leave open the question of the nature of the 
dipoles responsible for the remarkable properties described in this 
article, for Muller’s suggestion that rotation of the water molecules 
is responsible would not account for the results of the X-ray intensity 
measurements. 

Addendtiu. Habliitzel {Hdv. Phya. Acta, VIII, 499,1935) has 
recently shown that Boohelle salt crystals possess anomalous 
coefficients of thermal expansion parallel to two axes, provided that 
the ciystal is allowed adequate time in which to make the expansion 
at any temperature. 

GENERAL AND ORGANIC CHEMISTRY. By O. L. Bbaov. 

D.So., P.I.O., University College, London. 

Rbsolotion of Allenb CoKPormns into Oftioal Isombbidbs.— 
As long ago as 1875 van’t Hoff predicted that allene compounds 
of the type a6 C; C : C cd should exist as optically active enantio- 
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morphs, but experimental realisation has been long in coming. 
Many attempts have been made to synthesise and resolve suitable 
allene derivatives (for references, see Freudenberg, Stereochemie, 
p. 804), but experimental difficulties have, hitherto, proved in¬ 
surmountable. Smoe the pairs of valency directions of the central 
carbon atom lie in planes which are at right-angles, the groups 
a and b and the groups c and d lie in planes which are also at right- 
angles ; the compound, therefore, has no plane nor centre of sym- 
metry and it follows that its mirror image is not superposable 
upon the original and optical isomerism is possible. The same is 
true when the group a is identical with c and b with d. As frequently 
happens the problem has been solved independently and almost 
simultaneously by two groups of workers. 

Maitland and Mills (Nature, 1936, 994) by “ asymmetrical cata¬ 
lysis ” have obtained diphenyl-di-a-naphthyl allene (II) in optically 
active forms. 

C.H, C,H, 

CH: 

(I) 

When the alcohol (I) is dehydrated under ordinary conditions 
an optically inactive allene is produced which melts at 242-4°, 
but if the dehydration is effected by heating with d-camphor- 
sulphonic acid in benzene a mixture is obtained of active and 
inactive material of which the former is much more soluble and 
can be isolated in well-formed crystals melting at 168-9° with a 
rotation [a],,,! -f- 437°. When l-camphorsulphonic acid was used 
as the dehydrating agent a similar mixture was produced from 
which the Isevo-form — 438° was isblated. When saturated 

solutions of the d- and Z-forms were mixed the less soluble racemic 
allene m.p. 242-4° crystallised out, thus establishing the enantio- 
morpiusm of the isomerides. 

Kohler, Walker and Tishler (J. Amer. Chem. Soc., 1936, 87, 
1743) have overcome the experimental difficulties in preparing an 
allene derivative with a salt-forming group present suitable for 
resolution by the classical method. They have re-investigated the 
compound ay-diphenyl-y-l-naphthyl-allene-a-carboxylic add (V) 
whose resolution Lapworth and Wechsler (Jour, Chem, 8oe,, 1910, 
46) were unable to effect owing to inability to obtain crystalline 
salts with optically active bases. This compound was syAthedsed 


C.H, 


C,.H, 




P.H, 






(H) 
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by Lapworth and Weohuler from j8-benjioyl-a-phenylpropiomo ester 
(III) by a series of reactions which probably follow the course : 

C,.H,MgBr 

C.H,CO.CH,.CH(0,H,).CO,Et -C,*H,.C(C,H|).CH,.CH.C,H, 


PCI, BtOH 

-► OioH7.C(C,H4).CHa.CCl.CeH. -► CioH,.C(CeHj).CHg.CCLC.H* 


pyridine 
-^ 


Cl 

COCl 


C,.H, 

C.H, 


/ 


o 

o 

:C 


/ 

\ 


C,H, 

COjEt 

C,H. 

(IV) 




Cl 

\ / 

C:C:C 

/ \ 


CO,Et 


C,H, 


CO,H 


(V) 


Owing to the failure to isolate all the intermediate products there 
was some doubts about the constitution of the final product, but 
Kohler, Walker and Tishler have removed these .by oxidation of the 
ester (IV) with potassium permanganate to phenylnaphthyl ketone 
(VI) and an oil which hydrolysed to phenylglyoxylic acid (VII) 


C„H, ^C.H. C„H, 

C : C : -*• 

\otEb C.H,'^ 
(VI) 


\:o + od^ 

\, 


.c,H. 


CO,H 

(vn) 


In addition they showed that the ester absorbed two molecular 
proportions of hydrogen to give a saturated ester. Further attempts 
to resolve the acid were unsuccessful, but when treated with phos¬ 
phorus pentaohloride it gave the acid chloride (VIII) which, in 
ether, with pyridine and glycoUio acid gave the glycoUio acid ester 
(IX). This formed crystallisable salts with brucine and was resolved 
by means of this agent into d- and i-forms with rotations [a]^ -f 29-6 
and [a]„ — 284 respectively. 


OtA 

C.H. 

C„H, C,H, 

CH,OH.OO,H \ / 

-► C:C:C 

0 * 0 ! 0 

y 

\ 

/ \ 

C.H, 

COCl 

C^, CO,CH,.CO,H 

(VIII) 

(IX) 


OOIfTFIOUBATIOK 07 THB VaLBKOIXS Of QUADRIOOVALBlfT 

PLATorcTM.-—In the designing of experimental proof of the space 
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arrajQgement in chemical compounds one expects supreme artistry 
from Dr. Mills and one is not disappointed in the particularly 
neat solution of the problem of quadrioovalent platinum (Mills and 
Quibell, Jov^. Ohtm. Soc,, 1935, 839). The weight of evidence is 
that the valency directions of quadrioovalent nickel, palladium and 
platinum are not tetrahedrally ‘krranged as in the case of lighter 
elements but are uniplanar (Sugden, Jour, Chern, Soc,, 1932, 246; 
Cox, Saenger and Wardlaw, ibid., 1934, 182 ; Drew and Head, 
ibid,, 221). If such is the case the usual co-ordination compounds 
would be non-resolvable into optical enantiomorphs, but failure to 
resolve a compound may be due to lack of a suitable method or 
to very rapid racemisation and cannot be adduced as complete 
proof of configuration. 

Mills and Quibell have treated isobutylene diamine (X) with 
potassium chloroplatinite and caused the resulting dimethylothylene- 
diamino platinous chloride (XI) to interact with the meso form of 
diphenylethylenediamine (stilbenediamine) (XII). The resulting 
mcso-stilbenediamino-isobutylenediaminoplatinous salt (XIII) has 
been resolved into optical isomerides through its df-diacetyltartrate. 


K.Ptci. CH,.NH, 

I -► I 

CMe,.NH, CMe 

(X) (XI) 

pPhCH.NH,v^ /NH..CH 

PhCH.NH 


L 


.NH, V /Cl 
<i) 

>P< I Cl. 

(xni) 

H 

/—NH, ^NH,—CH, 

H B Pt A Me 

(XIV) 


PhCH.NH, 

I 

PhCH.NH, 

(XII) 


Pb 


Ph/' 


Now in the cation (XIV) if the ring A is in the plane of the 
paper the two methyl groups are respectively above and below 
that plane so the plane of the paper is a plane of symmetry through 
that ring ; further, if the valency directions of platinum are tetra¬ 
hedrally arranged ring B will be at right-angles to the plane of 
the paper, and as both phenyl groups are on the same side of the 
ling (since the meso compound was employed) the plane of the 
paper will be a plane of symmetry of ring B: (XIV) therefore. 
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has a plane of gymmetry and would therefore be unresolvable. If 
the valency directions of platinum are uniplanar rings A and B 
both lie in the plane of the paper, but this plane, though one of 
symmetry for ring A, is not so for ring B, since both phenyl groups 
will lie either above or below that plane. A plane at right-angles 
to the plane of the paper will divide ring B symmetrically but will 
not do the same for ring A since CH, would be opposed to CMeg. 
The uniplanar arrangement of the platinum valencies in (XIV) there¬ 
fore gives an asymmetric molecule which should be resolvable. 

The Vitamins. —There are few branches of synthetic organic 
chemistry in which more outstanding advances have been made 
than in that of the vitamins. These substances, of such remarkable 
physiological potency and present in such small amounts in natural 
products, but a few years ago seemed very elusive and there 
appeared little immediate prospect of their isolation in the pure 
state. The determination of their chemical constitution and their 
synthesis in bulk seemed unlikely for many years to come, yet, 
at the hands of a number of brilliant workers great success has 
been achieved. The fat soluble anti-keratinising vitamin A has 
been shown to be closely related to the yeUow pigment, carotene, 
present in carrots and green vegetables, which is converted in the 
body into the vitamin. Carotene is a hydrocarbon of structure 
(XV) which is probably converted to vitamin A (XVI), which has 
an alcoholic group, by rupture at the central double bond. 


Me He Me Me 

Y He He He He V 

YoH : CH.<!: CH.OB: OH.J: OH.OH : CH.OH: J.CH: CB.CH : (j.CB : CB.cY^CB, 
bJi iLe Meil (1b, 

Y. Y. 

(XV) 

Me Me 

'Y Me Me 

Hi^^aOB: CH.I3: OH.OH: OB.O: OB.OH,OB 

aj) Hmc 

(XVI) 


The fat soluble, anti-rachitic, vitamin D, sometimes known as 
calciferol and present in fish-liver oils, can be separated as a pure 
crystalline material from the product of the irradiation by ultra¬ 
violet light of ergosterol, isolated many years ago from ergot. This 
compound is present in the human body and the cure of rickets 
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by sunlight or ultra-violet light treatment and by cod-liver oil have 
thus been directly connected. Vitamin D has been assigned the 
structure (XVII). 





The water soluble, anti-scorbutic, vitamin C, present in oranges, 
lemons, etc., and now isolable in quantity from Hungarian pepper 
(Banga and Szent-Qyorgyi, Biochem. J., 1934, 28, 1626), has been 
identified by its chemical, physical and physiological properties 
with ascorbic acid (Haworth, Hirst and Zilva, Jour. Chem. 8oc., 
1934, 1155). Its constitution was established and its synthesis 
effected by Haworth and his collaborators as described in a recent 
article (Scikncb Pboqbbss, 1934, 28, 478). The original synthesis 
was troublesome owing to the difficulty of obtaining the starting 
material, l-xylosone, but in the last twelve months alternative 
methods of preparing ascorbic acid and its analogues have been 
devised which makes the preparation of these compounds in quan¬ 
tity a comparatively simple matter. l-Sorbose (XX) can now be 
obtained readily by the action of B. xylinum on d-sorbitol (XIX) 
which, in turn, is prepared by the catalytic reduction of d-glucose 
(XVni) (Schlubach and Vorwerk, Ber., 1933, 66, B. 1261). In 
order to protect groups from oxidation i-sorbose was condensed 
with acetone to give the diacetone compound (XXI) which with 
alkaline potassium permanganate suffers oxidation of the primary 
alcoholic group, subsequent hydrolysis giving 2-keto-l-gulonic acid 
(XXII) which is converted to its methyl ester (XXIII) and this 
heated with sodium methoxide in methyl alcohol when the sodium 
salt of ^ascorbic acid (XXIV) is obtained from which the free acid 
(XXV) can be obtained. The acid (XXII) on heating with water 
in the absence of oxygen is itself partly converted to ascorbic acid 
(Reichstein and Griissner, Hdv. Chm,. Acta, 1034, 17, 311). 
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0O,Me 


CH.OH 

Hodst 
Hoin —► 
ndjOH 
Hoim 
dlHO 

(XVIII) 


CH.OH CH,OH 

HodiH io 
hoAh —► hoAh —► 
nioH ndiOH 
HoiH Hodaa 

LhjOH in ,oh 


CO,Me 

Hoi 

Naol! 

nioH 

Hod® 

(Ih.oh 


CH.OH OOJtC 

4 io 

—► hoIjh 

nioH 

ad:—o ho(I:h 

-d:H d:H,OH 

d:H,—0 


(XXI) 

oc 

(XXII) 

Hoi ! 

HOC 

„J: ? 

1 

H<A 

1 


HOCH 

ndjOH 

Hod:H 

<!h,oh 

(xxni) 


Hod:H 

dai.oH 

(XXIV) 


CH.OH 

(XXV) 


Z-Sorbo 80 (XX) can be oxidised directly to 2-keto-i-gulonio acid 
(XXII) by the regulated action of nitric acid, thus reducing the 
number of stages in the synthesis (Haworth, Nature, 1934, 134, 
724). Using similar methods Reichstein {Hdv. Chim. Acta, 1934,17, 
996, 1003) has synthesised l-erythroascorbic acid through adonitol 
and l-adonose. 

The original method of Haworth, that is, the addition of hydro¬ 
gen cyanide to an osone followed by hydrolysis to the acid, has 
proved very fruitful in the synthesis of analogues of ascorbic acid 
when the osone is readily available, for example d-gluco-ascorbio 
acid (XXVIII) has been prepared from d-glucose (XXVI) through 
glucosone (XXVII) (Baird, Haworth, Herbert, Hirst, Smith and 
Stacey, Jour. Chem. Soc., 1934, 62). 


CH.OH 

CH.OH 

HoiH 

CH,OH 

HoiH 

CH.OH 

hck!:h 

CHgOH 

Hoin 

hoIjh 

ho<!;h 

1 

HoilH 

1 

Hoi:H 

I 

hoIh 

nioH 


HCOH 

HCOH 

HCOH 


hoIh 

1 

io 

1 

io 

1 

io 

1 

Hoi 

II 

CHO 

CHO 

CHOH 

in 

CHOH 

(lioOH 

HOC 1 

U 

(XXVI) 

(XXVH) 



(xxvni) 
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The above authors have also prepared by this method d-galaoto- 
asoorbic acid from galactosone and Z-araboascorbic acid firom arabo- 
sone, whilst Reichstein, Griissner and Oppenaur (Hdv. Chim. 
Ada, 1934, 17, 510) have prepared the above compounds and also 
1-guloascorbic acid and Reichstein, Schwarz and Griissner (Hdv, 
Chim. Acta, 1935,18, 363) have synthesised Z-rhamnoascorbic acid. 

The water soluble vitamin Bt seems to consist of at least two 
factors, one an anti-pellagra factor and the other a growth pro¬ 
moting factor (Gyorgy, Biochem. J., 1936,29, 741, 760, 767 ; Harris, 
ibid., 776). The latter has been identified with the crystalline 
orange-brown dye, lactoflavin, isolated originally from milk whey 
by Kuhn and his collaborators (Kuhn, Rudy and Wagner-Jauregg, 
Ber,, 1933, 66 [B], 1960) and also present in liver and in lucerne 
(Kuhn and Kaltschmitt, Ber., 1936, 68 [B], 128). Lactoflavin 
has the formula C„H,iO,N 4 and on protracted irradiation in neutral 
aqueous solution gave a compound Ci»H|,0»N*, lumilactoflavin 
(XXXI), which has been synthesised by Kuhn, Reinemund and 
Weygand (Ber., 1934,67 [Bj, 1400) by condensing 4-amino-5-methyl- 
amino-o-xylene (XXIX) with alloxan (XXX). 


Me 

Me 


A 


N 

NHMc HO.Cf^CO 

ocIJnh 

CO 

(XXIX) (XXX) 


Me 
N N 




Me 

Me 


0Q3 

(XXXI) 


CO 

NH 


The presence of four hydroxyl-groups capable of acetylation in 
lactoflavin, not present in lumilactoflavin, suggested a pentose side 
chain in the former. Kuhn and Weygand (JBer., 1934, 67 [B], 1939) 
by treating 4-nitro-5-chloro-o-xylene (XXXII) in the presence of a 
tertiary base with the amines (XXXIII) obtained by the reduction 
of the oximes of Z-arabinose and d-xylose and reducing in the 
presence of a large excess of alloxan obtained leucoflavins (due to 
excess of the reducing agent) which were oxidised by air to flavins 
(XXXIV) which closely resembled lactoflavin in their chemical 
reactions. 


Me 

Me 


Cl Mo 

-f H,N.OH,.(CHOH)g.OH,OH 
NO, Me 


NH.OH,.(CHOH),.OHtOH 

NO, 


(XXXH) 


(XXXIII) 



Me 


Me 
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CH..(CHOH),.OH«OH C!H,.(CIHOH),.CH,OH 

N 




N 

HO.Cf’^O 


\/\ 


NH. 


Ool^NH 


Me 


i .Ih 

(XXXIV) 


Karrer, Sch6pp, Benz and Pfaehler (Ber,, 1935, 68 [B], 216) 
improved the yields by condensing a monoacylated o-diamine direct 
with the sugar and reducing thus;— 


a: 


NH, 


+OCH.(CHOH),.CH,OH 


NHAn 


ys^NH.CH,.(CHOH),.CH,OH 

\/\NHAo 

(XXXV) 


They then condensed (XXXV) with alloxan as before. Finally 
Karrer and his co-workers (Hdv. Chim. Acta, 1936, 18, 426, 622) 
by using d-ribose as the sugar have synthesised 6: 7-dimethyl- 
9-d-r-ribitylwoalloxazine (XXXVI) and shown it to be identical 
with lactoflavin in chemical and biological behaviour. 

OHOH 9 H 

CH,.C . C . C .CH,OH 
H H H 

N N 



The Obigin of Petbolbum. —An interesting series of papers has 
thrown new light on the vexed question of the origin of petroleum 
(A. Treibs, Annalm, 1934, 509, 103 ; 610, 42 ; 1936, 517, 172). 
Treibs finds that porphyrins, deoxophylloerythroaetioporphyrin pre¬ 
dominating, are widely distributed in ooals, oil-shales and crude 
petroleums from many parts of the world. A Trinidad oil contained 
one-twentieth of the amotmt present in dried green leaves. Since 
the porphyrins are closely related to chlorophyll this implies that 
plants are far more important than, for example, marine creatures 
in petroleum genesis. Triebs considers that, for the porphyrins 
to have survived, coals and petroleums have not been exposed 
to a temperature higher than 200° C. which renders the distillation 
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theory of the origin of petroleum untenable but does not exclude 
the formation of the oil by a low temperature cracking of cellulose 
(compare Berl, AnncUen, 1933, 504, 38). The porphyrins were 
found to be present in the form of a vanadium and of a ferrous iron 
complex, but it is suggested that these are the result of a secondary 
change when less firmly boimd elements are displaced. 

PHYSICAL CHEMISTRY. By H. W. MELvnnK, D.Sc., Ph.D., CoUoLd 

Science Laboratory, Cambridge. 

Polymers and Polymerisation. —^The word poljmier has come to 
include an amazing variety of substances. Indeed, the term has 
become so general that it is almost impossible to frame a definition 
precisely. One definition may be quoted which at first sight seems 
satisfactory, but on closer examination is found to be inadequate. 
It is that a polymer is formed by the intermolecular combination 
of like (or in certain cases unlike) molecules to form molecules of 
infinite size. Polymer molecules are not however of infinite size, 
for many pol 3 maer 8 such as polyoxymethylene (from formaldehyde), 
polystyrene, etc., have well defined molecular weights. Again it 
has been suggested that a polymer consists of groups of molecules 
joined to each other by primary valencies in one, two or three 
dimensions forming a large molecule whose molecular weight is 
determined by the number of elementary groups contained therein. 
Here difficulties are encountered until a primary valence and mole¬ 
cular weight are further defined. The deWtion is therefore a matter 
for further discussion. In this review the definition will be taken 
in its broadest sense and some account wili be given of the con¬ 
stitution and mode of growth of some typical polymers. It is only 
within the last few years that it has become possible to apply physical 
conceptions in order to gain some insight into the mechanism of 
the growth of these complex molecules. For this purpose the 
kinetical method has been developed with some success, though it 
is to be emphasised that considerable caution must be observed in 
the interpretation of the results. 

Of paramount importance in the consideration of the kinetics 
of polymerisation is what is known as a steric factor. In a simple 
bimolecular reaction the rate is expressible by the formula 
where Z is the collision number and £ is the energy of activation 
of the reaction. In some dimerisations, for example that of 
ethylene, the rate of reaction is very much smaller than that calcu¬ 
lated from the above simple formula. The simplest picture of the 
inefficiency of the collision is that the molecule must be orientated 
in a particularly favourable position before reaction will occur or 
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that only limited regions of a molecule are capable of reaction. 
Numerical calculation may be made, for the steric factor is the ratio 
of the observed rate to that calculated by means of the bimolecular 
formula from the observed energy of activation and the collision 
number computed by kinetic theory. In this way the following 
steric factors have been obtained; ethylene 4 x 10~*, propylene 
10~*,2 : 3-butylene6 x 10" *, taobutylene 5 x 10"^ A1: 3-butadiene 
10"*, isoprene 2 x 10"*. The general rule appears to be that the 
larger the molecule the smaller the steric factor (it would really be 
more consistent to term the reciprocals of the figures quoted as 
steric factors). It will be shown later what consequences may result 
if this rule applies in polymerisation reactions. 

Recently (c/. Eyring, J. Chem. Phyeica, 3, 107, 1936 ; Evans and 
Polanyi, Trans. Faraday 8oc., 31, 876, 1035), a more abstract idea 
of steric factors has arisen. Attempts have been made by utilising 
the methods of statistical mechanics to calculate d priori the magni¬ 
tude of velocity constants by evaluating the configuration and 
energy content of the collision complexes. For example in the 
simple reaction A -I- B —► AB' —> AB, AB' being the activated 
complex, the velocity constant k is given by 

k = fl-B/RT 

A./B-(2n»njfcT)V* 

where /^b'. A A are the respective partition functions and 
E is the difference in energy between the activated and initial state, 
that is, the eneigy of activation. If such expressions be compared 
for a simple reaction between atoms on the one hand and complex 
molecules on the other it is found that the first factor in the above 
expression is much less for the complex molecules. This comes 
about in the following way. In the association of two atoms, two 
degrees of freedom in the initial state pass over to two degrees of 
rotation in the transition state. But for the association of two 
radicals, two degrees of freedom of translation and three of rotation 
are transformed to five vibrational degrees of freedom in the tran¬ 
sition state. 

In applying kinetical ideas to polymerisation it is fortunate that 
the study of gaseous chain reactions has proceeded so far, for the 
conceptions current in this branch of kinetics may be applied to 
the building of polymers. Polymmisation reactions indeed are chain 
reactions of a special type. We may illustrate most conveniently 
by considering the following typical examples. The pol}nneriBation 
of formaldehyde to polyoxymethylene is a well-known reaction and 
teoently it has been found (Nonrish and Carruthers, Trans. Faraday 

11 
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8oc., Jan. 1936) that the polymerisation of the vapour is catalysed 
by small quantities of formic acid. The most siuprising feature of 
the reaction is that the rate of polymerisation increases to an in¬ 
definitely large value as the piressure of formic acid rises to a critical 
value. The phenomenon indeed seems analogous to the critical 
explosion hmits of chain reactions, e.g. the oxidation of P 4 , PH„ H», 
etc. But the analogy is more than formal. During polymerisation 
the formic acid disappears at about the same rate as the aldehyde, 
the reaction being actually bimolecular with respect to the aldehyde 
concentration. WhUe the reaction velocity increases with temper¬ 
ature it is essential to have part -of the reaction system at room 
temperature, where the polymer may form, for at higher temper¬ 
atures, the polymer is decomposed to the monomer. If the reaction 
system is wholly at a high enough temperature no polymerisation 
at all can be detected. The process is a heterogeneous one, that is 
the polymer does not grow in the gas phase but at (not on) the surface 
of the reaction vessel. The first step in the reaction is probably the 
addition of formic acid to formaldehyde to form the first chain 
centre, namely the monoformic ester of dihydroxymethylene 

>OCH,OH 

H.COOH + H.CHO - 

Further aldehyde molecules may then add on so that the CHgOH 
group, the chain carrier so to speak, is repeated in a manner similar 
to that suggested by Staudinger for the pol 3 rmerisation of formalde¬ 
hyde in aqueous solution: H.C0.0.(CH*0)„,CHi0H. To explain 
the occurrence of a critical concentration of formic acid the chains 
must branch, that is tvm potentially active groups must appear in 
the growing polymer by the addition of one molecule of formic 
acid thus 

yOH 

yO—(CH.O)„—CH.OH HO. yO—(0H,0),+i.CH< 

OC< + >30 »00< H)H 

\h h/ \h 

In this way then the polymer acquires a lattice structure, lying 
probably on the surface of the glass. Below the critical concen¬ 
tration the chains are not indefinitely long and kinetic analysis 
shows that rupture must be due to the impact of the aldehyde 
molecule on the growing polymer. But this is the type of collision 
responsible for growth. In the termination collision it is probable 
that water is eliminated, the hydroxyl (chain propagating) group 
thereby vanishinsr. 

^CH.OVOH.OH^ ->00 - 
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The same kind of polymerisation is brought about by aoetio 
acid, and acetaldehyde is likewise polymerised by formic but not 
by acetic acid, presumably because acetaldehyde and acetic acid 
do not form an addition compound capable of propagating chains. 
It is of interest to note that glyoxal forms an addition compound 
with formic acid and the process stops there. 

Another analogy between pol 3 Tnerisation 8 and oxidations is 
given by a comparison of the effect of inhibitors on the photochemical 
pol 3 rmerisation of vinyl acetate in ethyl acetate solution at 3000 A 
and the thermal oxidation of sodium sulphite, the latter being a well 
established example of a chain reaction in solution (Jeu and Alyea, 
J.A.G.8., 55, 676, 1933). In the case of vinyl acetate the rate of 
polymerisation is given by the equation 

_ _ [V-A.].! 

dt kx 

where ifc, and k are constants and I the intensity of the incident 
light, C is the molecular ratio Inhibitor/Vinyl Acetate, k being 
characteristic of the inhibitor. As is evident from an examination 
of the above equation, the chain length is independent of the concen¬ 
tration of vinyl acetate, since the rate of initiation of chains is 
[V.A.JI. This is just what has been found for formaldehyde and 
acetaldehyde and means that the chains are terminated by collisions 
of the polymer with the monomer, but of a different kind from those 
responsible for the propagation of the growth of the polymer. There 
is a good correlation between the action of inhibitors in the two 
processes thus supporting the hypothesis that the polymerisation 
of vinyl acetate is a chain reaction. Pyrogallol is by far the most 
powerful inhibitor and if it be assumed that every collision between 
polymer and p 3 ax>gallol leads to the deactivation of the former 
molecule, the chain length may be calculated in the following way. 
Even if this assumption is not valid, the calculation yields a mini¬ 
mum value for the chain length. The constant ib, is equal to the 
probability of the termination of the chain in absence of the inhibitor 
and the ratio k/kx is the chain length assuming that the inhibition 
efficiency of pyrogallol is unity. To evaluate this ratio it is only 
necessary to find what concentration (Ci/*) of pyrogallol cuts down 
the rate of polymensation (or chain length) by one half. From the 
velocity equation given above it may be shown that k/kx — 

This approximate method gives a chain length of 3000 while a value 
of 1000 has been obtained for the photo-polymerisation of liquid 
vinyl acetate (7.A.C7.iSf., 63, 2627, 1931)—a conclusive proof of the 
exiatenoe of chains in this reaction. 
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The chain carriers in gaseous reactions are either excited mole¬ 
cules, free atoms or radicals, that is, entities of short life. Similarly 
it is probable that in the majority of poljrmerisation reactions the 
active patch (or patches) on the growing polymer is subject to rapid 
deactivation or removal in some way. In the polymerisation of 
chloroprene, however, it seems that the growing polymer retains its 
activity for a very much longer time than that normally found. If 
chloroprene (Carothers, Williams, Collins and Kirkby, J,A.C,8., 
63, 4214, 1933) is placed at the bottom of an evacuated tube and 
the upper part illuminated, the growth of the polymer starts at the 
illuminated spot and the polymerisation continues apparently in- 
dejfinitely outwards from the spot after the illumination ceases. 
The polymer consists of globules or cellular crystals, but X-rays 
prove the substance to be amorphous. If a small fragment of the 
polymer is placed in liquid chloroprene growth recommences, more¬ 
over this occurs after an interval of several days ; in fact there seems 
to be no limit to the size of the polymer which could be grown from 
a minute amount of material activated photochemically. The 
growing polymer must therefore be much more stable than that 
usually encountered in polymerisation. It certainly cannot be of 
the nature of a free radical. 

The ‘‘ drying ’’ of unsaturated oils too is believed to be some 
kind of polymerisation reaction. Natural oils are however some¬ 
what impure and therefore it is not easy to interpret the results 
in a simple manner. Furthermore it is uncertain to what extent 
oxygen plays a part in the process. Fortunately a well defined 
compound /^-elaeostearin 


>CH(CH,),C00 IC^H* 


CO CO 

Y 


_'l 


behaves in a similar way (Morrell and Samuels, J. Chem. Soe., 251, 
1932). Further simplification of the operating conditions may be 
made by spreading the substance as a monomoleoular film on aqueous 
substrates, in which circumstance it sets to an elastic film at room 
temperature in a few minutes. The kinetics of the drying may 
be followed by measuring the phase boundary potential or the area 
of a given quantity of substance at a constant surface pressure (Gee, 
Trans. Faraday Soc., Jan. 1936). Formally the kinetics of this 
two-dimensional reaction bear a very close resemblance to those 
of typical oxidations (such as the hydrocarbons). It is j^bable 
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that an unstable peroxide is first formed. This may polymerise or 
it may revert to a more stable form, which in due course poly¬ 
merises. 


Polymer 


xxo. 

The former reaction is favoured by high pressures. The interesting 
point about the pol 3 rmerisation of XO» is that it exhibits an induction 
period, is subject to acceleration by Co"*"''" ions or retardation by 
hydroquinone in the substrate. By mixing a saturated ester, ethyl 
myristate, with the film, thepol}mieri8ation is also retarded. Kinetic 
analysis further shows that the absorption of oxygen is the first 
slow step, thereafter the pol3m3eri8ation proceeds rapidly and that 
the growth is ultimately brought to a stop by the operation of 
a steric factor alone. 

Finally mention may be made of the polymerisation of gaseous 
acetylene (Proc. Roy. Soc., A 146, 268, 1934). Light of 1 == 2000 A, 
excited mercury atoms, a>particles all induce polymerisation to a 
body of the formula (C,Hi)„. No matter what stimulus is employed 
the number of molecules polymerised is much greater, 10-100 times, 
than the number of stimuli used. In this reaction too it appears 
that the chains are terminated by a collision between growing 
polymer and acetylene, the process being similar to that in operation 
in the aldehydes and in vinyl acetate. 

Summarising then it will be seen that polymerisation may be 
started in a variety of ways. Since pol 3 rmeri 8 ationB are chain re¬ 
actions the polymer is built up by the successive addition of mono¬ 
mers to the growing polymer and not by the interaction of monomer 
with monomer, dimer with dimer and so on. It may be emphasised 
here that chain propagation is slightly different fiom that usually 
implied by the term. In ordinary gaseous chain reactions there 
are in general two carriers which alternately combine with the two 
reactants, whereas with polymerisation only one molecule is involved 
even though it be growing continuously. As has already been 
mentioned, branching in polymerisation reactions provides the 
means whereby cross-linked polymers may be constructed. In so 
far as termination is concerned the idea that the reactant or mono¬ 
mer may cause cessation of the growth of polymers is analogous 
roughly to the type of reaction responsible for the removal of oxygen 
atoms in some chain oxidations, namely 0 -f 0| -f Og —> 0« 4- 0| 
(cf. Semenoff, Kinetics, p. 176, Oxford). But the introduction of 
a steric factor {cf. Qee and Rideal, Trane. Faraday 8oc., 31, 969, 
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1936) as being alone tesponsible for termination does not find its 
oountei^art in ordinary chain reactions. While the idea is in¬ 
herently possible, there is as yet not much direct experimental 
evidence in its favour. If the steric factor alone is operative it is 
evident that the molecular weight of the polymer will increase as 
the reaction proceeds, whereas if the growth of the polymer is 
arrested by some kind of collision the molecular weight will remain 
practically the same throughout the course of the reaction. In 
order to differentiate between the two mechanisms use might be 
made of the ultracentrifuge for molecular weight analysis. As yet 
little progress has been made in this direction. 

In the development of the subject of polymerisation, the study 
of the polystyrenes by Staudinger has played an important part. 
This provides a good example of how more purely chemical evidence 
gives a clue to the structure of the polymer. Styrene (phenyl- 
ethylene) polymerises in the liquid state or in solution at room 
temperature and upwards in absence of a catalyst. By employing 
catalysts, however, it is possible to produce distyrene and tristyrene. 
The normal polysytrenes are more highly polymerised and stand in 
a class apart from the dist 3 rrenes and tristyrenes. Some estimates 
have shown that as many as 6000 styrene units form the polymer, 
though polymeric properties first come into evidence when only ten 
styrene units are present. The polystyrenes have been divided into 
three classes. The hemicolloids contain 20 to 100 units. These 
dissolve without swelling (in monostyrene and other liquids) forming 
solutions of low viscosity obeying Poiseuille’s law. The viscosity is 
a function of the molecular weight. At the other extreme there 
are the eucolloids, the number of units being greater than 1000. 
These substances exhibit the phenomenon of swelling when immersed 
in suitable liquids and their solutions are lughly viscous. The hemi- 
colloids fill the intermediate range. 

The polystyrenes are saturated hydrocarbons and therefore the 
polymerisation process may be conceived as occurring in two ways. 
First, two styrene molecules form dist 3 rrene, a terminal double bond 
apx>earing at each addition. The second process is the 

C^, C,H, C,H, C,H, 

I -f- I —► I 1 (First process) 

CH==CH. CH=CH, CH,—CH,—C==CH, 

production of a polymer which is really a free radical, the flirst stage 
in the polymerisation being the activation of the double bond. 

C^, C,H, C,H, C,H, 

—CH—CH,— 


(Second process) 
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It has been shown by Staudinger and Steinhofer (Annalen, 517, 41, 
1985) that distyrene does not polymerise readily. Further, if poly¬ 
styrene be separated during polymerisation and the molecular weight 
estimated by measuring the viscosity of its solution, there is no 
evidence at all that the polymer possesses a low molecular weight 
in the initial stages of the reaction. High pol 3 rmers are produced 
from the start. This is what would be expected if the polymerisation 
chain is similar to that in gaseous reactions. It has a given length, 
except in so far as it may be modified by a change in the concen¬ 
tration of the reactants. It is probable that the number of units 
in the i)olyraer is equal to the number of molecules polymerised per 
molecule of styrene initially activated. How the chain is stopped 
is a matter which has not yet been elucidated. That only the double 
bond of the aliphatic part of the styrene molecule is concerned in 
polymeric links is shown directly by hydrogenation of the polymer 
to hexahydro-polystyrene, which still retains the features character¬ 
istic of a polymer of high molecular weight. 

Besides cryoscopic and ebuUioscopic methods of measuring the 
molecular weight of a polymer, there exists another—namely, the 
visoosimetric method. The latter depends for its applicability on 
the assumption that the polymer consists of thread-like molecules, 
in which case the viscosity of the polymer solution is proportional 
to the molecular weight, that is, to the chain length. The solution 
must of course obey the Poiseuille law and therefore the method is 
not suitable for the euooUoids. The osmotic and viscosity methods 
yield results in excellent agreement, for example with nitro-cellulose 
in acetone, methyl cellulose in water and poly-ethylene oxide in 
water. But with polystyrene, the osmotic values are definitely 
much larger—3-4 times. Determination of the molecular weight 
of the polystyrenes by the ultracentrifuge supports the osmotic 
data. The discrepancy may be explained if it is assumed that the 
higher polystyrenes have a tendency to form branched chains and 
even ring polymers. The viscosity technique only indicates the 
length of the polymer chains and cannot yield any information about 
branching. 

The intentional branching of polystyrene chains has been recently 
accomplished by Staudinger (Her., 67, 1166, 1934) in an ingenious 
way. If a minute quantity (0'01-0*002 per cent.) of p-divinyl 
benzene is added to styrene, a polymer is obtained showing identical 
properties to ordinary polystyrene except that it does not swell when 
immersed in organic liquids. By decreasing the amount of divinyl 
benzene, soluble polymers may be obtained, but they exhibit 
anomalies when their molecular weight is determined by the viscosity 
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technique. The deviations are greater the larger the concentration 
of divinyl benzene. These observations can only be satisfactorily 
explained by assuming that the divinyl benzene cross-links the 
straight polystyrene chains thus : 

C,H, C,H, 



—CH—CH,—CH,— 

I .■ I 

C,H, C,H, 

the divinyl benzene taking up the position shown within the dotted 
lines. This process is exactly analogous to that observed in gaseous 
chain reactions, where the addition of certain molecules, for example, 
nitrogen peroxide in the Hi — O* reaction, leads to vigorous branch¬ 
ing of the reaction chains (Semenoff, loe. cit., p. 234). 

While the kinetics of polymerisation reactions are now beginning 
to throw some light as to how polymers build up, the method is 
restrieted in its scope. Such a method can only provide starting- 
points for the investigation of the structure of polymers by X-ray 
spectrography (c/. Katz, Trans. Faraday Soc,, Jan. 1936). The 
conclusions arrived at in this complementary method of attack fit 
in very well with those arrived at by purely chemical evidence. 
Staudinger was probably the first to suggest that the simplest type 
of polymer consists of long chains of molecules in which a relatively 
small unit is repeated indefinitely, the units being united to each 
other by primary valencies. This in fact has been put forward as 
a definition of a polymer. The early X-ray evidence showed that 
the molecular weight of the elementary cell was very much smaller 
than the molecular weight deduced by physico-chemical methods, 
in substances such as cellulose, silk, rubber, etc. The anomaly was 
explained when it was realised that the unit cells could be united 
to each other by primary valencies to form a chain-like molecule. 
Perhaps the best example of the agreement between physical and 
chemical evidence is evident in the smaller polymers of formaldehj^de 
—the polyoxymethylenes. These have the structure 

HO--4IHrHOCH,)„—0--0H.0H 

By acetylating or methylating the hydroxyl groups the molecular 
weight of the polymer may be estimated. Such polymers, however, 
give rise to X-ray interference rings, the position of which can be 
correlated with the size of the polymer, thereby furnishing an estimate 
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of the length of the polymer. The length of the polyoxymethylene 
molecule so obtained is exactly proportional to the molecular weight 
determined chemically. The polymer must therefore consist of long 
rods of CH,0 units joined together. That this rod-like structure is 
a characteristic of many polymers of high molecular weight is very 
directly shown by the fact that they may be spread as monomolecule 
layers on an aqueous substrate. 

Not all polymers give so well defined an X-ray pattern as the 
polyoxymethylenes. The polymers of substances such as butadiene, 
isoprene, jSy-^methyl butadiene all produce different rings. Simi¬ 
larly the monomeric liquids give rise to diffuse rings, thus showing 
that in such liquids the molecules are not distributed at random 
but lie in parallel groups, the axes of the groups being distributed 
at random. The most significant point, however, is that the 
characteristic distance calculated from the ordinary Bragg formula 
is precisely identical in the liquid monomer and in the polymer. 
An increase of 0-3 A is brought about by the substitution of a methyl 
group for a hydrogen atom as may be seen from the following table. 

A A 

Butadiene ....... 4-6* Polymer 4-6 

Iftopren© ....... 4*9 Polymer 4*9 

)3y-aimethyl butadiene . , . .6*3 Polymer 6*3 

^ This is the distance between the molecules in the group perpendioulax 
to the chain. 

This is just the result to be expected if the polymer is built up, 
as suggested by Staudinger, by the addition of monomer to the 
growing polymer resulting in a rod-shaped molecule, for example, 
isoprene polymer: 

CH, CH, 

OH,.CH===<i--<(:na,),---CH==^^ . 

The greater the number of CH, groups the greater the separation of 
the groups. In the same way the phenol-formaldehyde polymers 
may be correlated with the phenols from which they are formed. 
This information may be applied to rubbers S3mthesi8ed by Harries 
in 1912. Three synthetic polymers were made: (a) the so-called 
Kondakow polymer which grows in liquid butadiene at room temper¬ 
ature, (6) the sodium poljuner made by the interaction of sodium 
and the monomer, and (e) sodium carbonic acid polymers made by 
the addition of sodium to the liquid saturated with carbon dioxide. 
X-ray evidence shows that (a) and (o) and the thermal polymers are 
of similar structure, whilst the sodium polymer is entirely different. 
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This agrees with ohemiosl evidence afforded by an examination of 
the reactions of the ozonides. 

The similarity in the structure of the liquids and their derived 
polymers is not always found. Besides the sodium polymer of 
butadiene, methyl acrylate and vinyl acetate 3 deld patterns quite 
different from those of the poI)dtaer. Again when polymerisation 
takes place, an extra smaller diffuse ring, indicating larger spacing, 
appears on the X-ray photographs which may at once be ascribed 
to a characteristic distance in the pol 3 Tner. Polyvinyl acetate 
behaves in this manner. At room temperature it is resinous, but 
at 100° it becomes elastic and may be stretched. Normally two 
diffuse rings are obtained, the outer one corresponding to a separ¬ 
ation of 4-0 A, probably the distance between acetyl side chains, and 
the iimer to a separation of 7 0 A. This latter distance is most 
likely that between the hydrocarbon chains, for when stretched two 
equatorial maxima appear on the iimer ring, presumably being 
produced as a result of the parallel orientation of the hydrocarbon 
chains. 


—CB——CHg—.CH"—— a 

II I I 

O O O 1 

I I I 7;0 

CO CO-*-40->CO 

• I '1 

CH, CH, CH, V 

While polymers of rubber-like nature are normally conceiYcd of 
as being derived from oiganic materials it is interesting to note the 
progress that has been made in elucidating the structure of two 
inorganic elastic substances—^namely, elastic sulphur and poly- 
phosphonitrilic chloride. When elastic sulphur (Meyer and Go, 
Hdv. Chem. Act., 17, 108, 1034) is stretched, the X-ray diagram 
shows the imposition of a fibre-like structure with long zigzag chains 
of sulphur atoms arranged parallel to the direction of stretching, 
each atom lying linked to two neighbours by homopolar bonds. In 
ordinary crystalline sulphur on the other hand, aggregates consisting 
of 8( molecules may clearly be distinguished, as might be expected 
from the fact that S* molecules in the vapour phase are in equilibrium 
with the solid. The kinetics of the transformation of metastable 
fluid sulphur to the elastic modification, in a qualitative way, exhibit 
those characteristics commonly associated with polymerisation re¬ 
actions, for example, catalysis by small quantities of polymer and 
inhibition by small quantities of substances liable to combine with 
sulphur such as halogen. With the polyphosphonitrilic chloride 
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(Stokes, J. Amer. Chem. 8oc., 17, 275, 1896), obtained by heating 
substances of the formula 


PCI* 

II I 

C1,P PCI*, 

Y 

similar phenomena occur. Fibre pattern shows up when the polymer 
is subjected to tension (Meyer, Trans. Faraday Soc., Jan. 1936). 

Further information bearing on points dealt with in the above 
review is to be found in the following: 

(1) Faraday Society Duicussion, September 1936, Cambridge, 

to be published in January 1936. 

(2) J. R. Katz, Die Roentgen Spektrographie ala Unterauchunga- 

methode bei Hochmolekularen Subatanzer. 

(3) H. Staudinger, Die Hochmolekularen organiachen Verbin- 

dungen, Kautachuk und Cellulose, Springer, Berlin. 


GEOLOGY. By Q. W. Tykrbix, A.R.C.So., D.So., The University, 
Glasgow. 

Majob Tbotonics : Steatigbaphical and Rboional Gbolooy op 
Gbbat Bbitain. —R. W. Van Bemmelen’s important undation 
theory, which is deserving of more extended examination than 
can be given in these notes, is well summarised in the following 
paper (“ The Undation Theory of the Development of the Earth’s 
Crust,” R^t. of XVI Internal. Oeol. Congress, Washington, 1933. 
Reprint issued 1936, 18 pp.). The gist of it may be given in van 
Bemmelen’s own words : ” The cooling of the earth follows from 
the second law of thermodynamics. This cooling affects mainly 
the outer 100 to 120 km., where the primeval silicate melt is dif¬ 
ferentiating. This differentiation disturbs the thermal and gravita¬ 
tional equilibrium of the parent magma (equilibrioturbal action) 
(turbare, to disturb). Subcrustal mass displacements work towards 
readjustment of this equilibrium (equilibriopetal reaction) (petere, 
to strive for). These subcrustal mass displacements are accom¬ 
panied by uplifts and subsidences at the surface (undations). These 
undations are in turn equilibrioturbal fmr the gravitative equilibriiun 
in the outer crust and cause sliding and folding of strata. Vol- 
oanism, earthquakes, and gravity anomalies are other consequences 
of this magmatic differentiation and these subcrustal mass displace¬ 
ments. The displacements of the earth’s crust are thus the result of 
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the reciprocal effect of equilibrioturbal magmatic differentiation and 
equilibriopetal gravitative adjustment.” 

Van Bemmelen also deals with “ Daa Krafteproblem in der 
Tektonik ” (Froc. Kon. Akad. v. Wetmach. Amsterdam, XXXVI, 
1933, 197-202); and, in the following papers, has applied the 
undation theory with some success to problems of the origin of 
several major earth structures : “ Die Undationstheorie, und ihre 
Anwendung auf die mittelatlantisohe Schwelle ” (Zeitschr. d. Deutach. 
Oeol. Oea., 85, 1933, 762-80); “ Die Anwendung der Undations¬ 
theorie auf das Alpine System in Europa ” {Proc. Kon. Akad. v. 
Wetensch. Amsterdam, XXXVI, 1933, 686-94); “ Versuch einer 
geotektonischen Analyse Siidostasiens nach der Undationstheorie ” 
730-9); “ Versuch einer geotektonischen Analyse Australiens 
und des Siidwestpazifik nach der Undationstheorie ” {ibid., 740-9). 

Mathematical treatment of geotectonic movements with special 
reference to the undation theory has been attempted by R. V7. van 
Bemmelen and H. P. Berlage, Jr. {Oerlanda Beitr. *. Oeophyaik, 
43 , 1934, 19-66). 

E. M. Anderson has published two interesting papers on ” Earth 
Contraction and Mountain Building ” (Oerlanda Beitr. z. Oeophyaik, 
42 , 1934, 133-59 ; 43 , 1934, 1-18). His own summaries may be 
here given : “ The surface flow of heat at present is probably less 
than has been assumed by some recent writers. . . . The low value 
is in favour of low crustal temperatures, such as are assumed by 
supporters of the Contraction theory, but other considerations are 
against this. Reasons may be given for assuming that the ‘ granitic 
layer ’ of the earth’s crust has somewhat the same composition as 
the Scottish Lewisian Gneiss. It must in that case have a lower 
radioactive content than normal granite. The sedimentary layer 
which overlies it is in places at least 6 km. in thickness, and this 
layer is also poor in radioactive constituents. By an apparent 
paradox, these facts make it possible to deduce higher temperatures 
for the deeper continental layers. 

“ The resistance of rock-masses to very long-continued presstues 
is at present unknown, and it cannot be tested in the laboratory. 
If the Contraction Theory is true, the upper layers of the earth’s 
crust must be able to resist a very large stress for millions of years, 
without being deformed beyond the elastic limit. These layers 
must however ‘ creep ’ over a substratum which can only have 
about a thousandth part of the strength which exists above. This 
is a necessary inference, which appears to tell against the validity 
of the theory,” 

In a closely argued paper P. R. Thompson (Oebl. Mag., LXXH, 
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1936, 377-80) discuBBes the relationB of thermal contraction, land 
bridges and geosynclines, assuming that the elevation of the land 
areas is due to lateral compression. The compression and the 
correlated stretching “ would constitute a system of differential 
crustal movements involving extensive continental drift.” 

C. R. Longwell raises the question : “Is the ‘ Roots-of-Moun- 
tains ’ CJonoept dead ? ” (Amer. Joum. Sci., XXIX, 1936, 81-92). 
Airy’s original hjqMJthesis seems to be shaken by the fact, recently 
demonstrated, that granite weakens and melts at lower tempera' 
tures than basalt. Nevertheless, Professor Longwell pleads for 
suspension of judgment until the evidence is fully reviewed. He 
favours a view based on a combination of the hypotheses of Airy 
and Pratt. 

Recent reconnaissances in south-western Persia have convinced 
J. V. Harrison and N. L. Falcon (Oeol. Mag., LXXI, 1934, 629-39) 
that certain problematical folding structures in massive limestones 
are due to the action of gravity on steep folds where the limestone 
rests on shale. When the crowns of the anticlines are broken by 
erosion, the outer sheet of limestone tends to become “ unstuck ” 
and collapses in backwardly-directed folds down into the synclines. 
These structures, which are produced at the surface under no cover 
whatever, are termed “ collapse structures.” 

R. Willis offers a detailed discussion of the mechanism whereby 
thrust faults originate and develop {BuU. Qeol. Soc. Amer., 46 , 
1935, 409-24). 

In a paper on “ The Influence of Earth Movements on Climate ” 
R. G. Lewis {Oeol. Mag., LXXII, 1936, 64-73) cites numerous 
instances of coincidence in local change of climate and local crustal 
movement, and suggests that there is an unexplained connection 
between the phenomena. Glaciation may be a local matter, and 
the Pleistocene glaciations may not be due primarily to a general 
lowering of temperature. 

M. Y. Williams, discussing the “ Distribution of Life around 
the Pacific ” (Proc. Fifth Pacific Sci, Congr,, Canada, 1933, 1934, 
3107-14), shows that the distribution of fossil and living land 
life around the Pacific demands land connections between existing 
land masses at various periods in the past, and it is possible that 
every part of the greatest of oceans has been bordered by land 
at one time or another. 

P. E. Raymond’s Presidential Address to the Palseontological 
Society of America deals with “ Pre-Cambrian life ” (Bull, Amer. 
Qeol. Soc., 46 , 1936, 376-92), and is an attempt to explain the 
general absence of fossils firom Pre-Cambrian strata. He suggests 
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tjhat is an inverse relationship between activity and hard 

I>arts in animals. Activity means getting rid of surplus lime. 
“That the Pre-Cambrian animals were all motile, seems, therefore, 
jJb explain their lack of hard parts, and hence to solve the question 
" as to why so few Pre-Cambrian fossils are found.” 

Of especial interest to British stratigraphers is Professor S. von 
BubnoflF’s extract from his monograph, Oeologie von Europa, entitled 
“ Die Epeirogenese Westeuropas ” (Oeologie von Europa, 11, 2, 1935, 
1124-32). The work is illustrated by an illuminating map of the 
epeirogenetic and tectonic subdivisions of the superstructure of 
Western Europe. 

In his useful review of “ Europ&ische und Nordamerikanische 
Gebirgszusammenh&nge ” Professor F. E. Suess (Rept. of XVI. 
Intemat. Oeol. Congr., Washington, 1933,1936, pp. 14, reprint) sup¬ 
ports Bailey in coming to the conclusion that, “ The angular crossing 
of Caledonids and Hercynids on both sides of the Atlantic Ocean 
furnishes, in conjunction with a variety of stratigraphic relation¬ 
ships, the most significant indication of the former connection of 
North America with Europe in the sense of Wegener.” The Her- 
cynian Appalachians were- bordered by a land mass on the site 
of the present West Atlantic. By pressure the chain was welded 
to Laurentia just as the Caledonids were welded to Fennosoandia. 

Professor C. Schuchert (Amer. Joum. Sci., XXX, 1936, 394-6) 
reviews another monumental work by A. W. Qrabau (Palceozoic 
Formations in the Light of the Pulsation Theory: Part 1, Lower 
Cambrian Pulsations; Sci. Quart, Nat. Univ. Peking, IV,.No. 1, 
1934, 27-184 ; Part 2, The Middle Cambrian or Albertan Pulsation ; 
ibid.. No. 4, 1934, 356-832 ; Parts 3 and 4, The Cambrovieian (sic) 
Pulsation; ibid., V, Nos. 1 and 2, 1936, 1-316) and says: “ In 
these thousand pages Professor Qrabau gives a detailed survey of 
the stratigraphy and faunas of the Cambrian and Lower Ordovician 
formations throughout the world, in the light of his Pulsation 
Theory, which he thinks -will give a natural basis for the classifica¬ 
tion of the marine rhythms into systems of strata or periods of 
time. It is well known that everywhere the stratigraphioal record 
is more or less interrupted by breaks in sedimentation, the dis- 
conformities and unconformities, and it is Grabau’s purpose to 
pick out from among these the ones that are widely spread or are 
of major import, since these delimit the oceanic ‘ pulsations ’ be¬ 
tween the close of the regressive and transgressive halves of the 
systems.” The Pulsation Theory holds that “ the major trans¬ 
gressions indicated by the progressive overlap of the strata weire 
essmtially synchronous in all continents, while the major regresrions 
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indicated by progressive off-lap of strata, also took place con¬ 
currently in all parts of the world, and that moreover transgression 
and regression alternated in rhythmic succession throughout at least 
the Palaeozoic era.” 

In his paper on “ Gotlanaian Vulcanicity in Western Europe ” 
J. S. Tinner {Oeol. Mag., LXXH, 1935, 146-61) shows that Grot- 
landian volcanic rocks within this region occur in a narrow belt 
which runs nearly west to east from South-western Ireland to 
Bohemia. They include rhyolites, andesites, keratophyres, diabases 
and basalts. Their age varies from early Valentian in Brabant to 
Upper Salopian in Bohemia. Gotlandian volcanicity seems to have 
b^n independent of the preceding Taconic orogeny, and its dis¬ 
tribution is not parallel to the main Caledonian folding. The Irish- 
Belgian section corresponds closely to the northern boundary of 
the Westphalian zone of Variscian folding. 

In another paper the same author discusses Dinantian and 
Namurian Vulcanicity in North-Western and Central Europe {Oeol. 
Mag., LXXn, 1936, 468-70). The history of igneous events is 
long and complicated, but granitic intrusions were characteristic 
of the Variscian fold-mountain zones, while basaltic lavas were 
erupted in foreland regions. 

A* detailed review of “ The Downtonian and Dittonian Strata 
of Great Britain and North-western Europe ” is given by W. W. 
King {Quart. Joum. Oeol. 8oc., XC, 1934, 626-70), on the basis of 
which a new scheme of correlation in regions as far apart as Spits¬ 
bergen and Cornwall is adopted, and the conclusion is come to that 
the Lower Gedinnian is the stratigraphical equivalent of the English 
Downtonian. 

In his paper on “ The Division of the Late Palssozoic Formations 
of Gondwanaland ” A. L. du Toit {Rept. XVI. Intemat. Oeol. 
Congr., WaalUngton, 1933, 1934, 12 pp. reprint) concludes that 
the basal glacial and inter-glacial deposits fall wholly within the 
Carboniferous, the earliest phases being as old as Dinantian. He 
thinks it impracticable as yet to draw a boundary line between 
the Lower and Upper Carboniferous glacial deposits. 

In his memoir on “ Correlations of the more important marine 
Permian sequences ” C. Schuchert {Bull. Oeol. 8oc. Amer., 46 , 
1935, 1-46) includes a valuable section on “ What constitutes a 
[geological] sjrstem ? ” He reviews the various bases of delimita¬ 
tion, and concludes that, in correlating widely-separated regions, 
the most dependable basis must be fossils, and especially the marine 
invertebrates. 

In an important paper, “ The Pleutocene Chronology of Central 



SOniKOB FBOaBBSS 


406 

ESmope,” P. E. Zeuner (QttA. Mag., LXXII, 1936, 36(1-76) atates 
that, as a consequence of twenty years’ work by a large number of 
geologists on the Pleistocene of Central Europe, it is now possible 
to establish a detailed chronology which proves to be generally 
applicable. When employed with certain astronomical data it 
enables hoiizons, fossils and implements of many localities to be 
dated in terms of thousands of years. 

The main object of Professor E. B. Bailey’s paper on “ The 
Glencoul Nappe and the Assynt Culmination ” {Oeol. Mag., LXXII, 
1936, 151-66) is to correct a probable mistake in previous publica¬ 
tions in regard to the course and behaviour of the Glencoul Thrust 
E.N.E. of the head of Loch Assynt. It is now believed that this 
thrust comes to an end at this point, and does not join up with 
the Ben Uidhe Thrust at the surface as formerly supposed. 

In his Presidential Address to the Geological Society, J. F. N. 
Green {Quart. Joum. Oeol. Soc., XCI, 1936, Ixiv-lxxxiv) dealt with 
the problem of the Moine Series from the standpoint of general 
geology. Mr. Green showed that, as far as the available evidence 
goes, there is no proved break in metamorphic facies between 
the Moines and the neighbouring areas of Lewisian types, except 
where faulting is concerned. This criterion therefore favours, but 
not conclusively, Barrow’s h 3 qK)the 8 i 8 that the Moines are of Lewisian 
age, and have been brought up by the great thrusts. 

Professor E. B. Bailey’s new work on “ Highland Tectonics: 
Loch Leven to Glen Roy ” (Quart. Joum. Oeol. Soc., XC, 1934, 
462-626) has led to certain new conclusions and to the rectification 
of former views. The Appin Phyllite is now regarded as the 
youngest formation. The Appin, Aonach Beag and Ballachulish 
Folds are found to be recumbent synclines closing to the south-east; 
and the main slides, namely the Fort William and Ballachulish 
Slides, are shown to be lags. The Stob and Kinlochleven Recumbent 
Anticlines, with their corresponding great inversions, are described in 
some detail. All these structures have been intensely refolded. 

In her paper on “ The Loch na Cille Boulder Bed and Its Place 
in the Highland Succession ” Dr. G. L. Elies (Quart. Joum. Oeoi. 
Soc., XCI, 1935, 111-49) concludes that the evidence is strong 
for the view that the Volcanic Series is the oldest, and the Quart- 
zitic^Series the youngest member of the Loch Awe Group, with the 
Boulder Bed or Slaty Schists with or without Limestones coming 
next to the Volcanics and the Limestone-Slaty Schist Series below 
the Quartzites. This reading of the geology is at variance with, 
recent detailed work in a neighbouring area (see discuraion). 

Study of “ The Dalradian Succession in the Pass of Bzander, 
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Argyll,” by J. O. C. Anderson (Otci. Mag., LXXn, 1935, 74-80) 
shows that the Leven Schists and Ballachulish Limestone dip off 
Glencoe Quartzite exhibiting uninverted bedding. This agrees 
with results obtained in the type locality at Ballachulish. Other 
observations suggest that correlation with the Islay sequence is 
also probable. 

In his paper on “ The Metamorphio Rocks of Inishowen, Ck>. 
Donegal,” Dr. W. J. McCallien {Proc. Roy. Irish Acad., XLII, 
Sect. B, No. 15, 1935, 407-42) gives a detailed description of 
the stratigraphy, structure and metamorphism of a series which 
corresponds with the Dalradian of Western Scotland from the Islay 
Quartzite to the Loch Avich Group. The Malin Head and Crana 
Quartzites respectively are correlated with the Islay and Crinan 
Quartzites of Scotland ; but there is no evidence in Donegal to 
suggest that the two quartzites are one and the same, as has been 
suggested for their Scottish equivalents. 

The remarkable “ Ordovician Submarine Disturbances in the 
Girvan District ” which are mainly recorded in the peculiar htho- 
logioal features of the Ardwell Beds, are fully described and beauti¬ 
fully illustrated by S. M. K. Henderson {Trans. Roy. Soc. Edin., 
LVIII, Pt. II, 1936, 487-609). Local unconformities of some 
importance have been found to occur at the bases of the Benan 
Conglomerate and the Ardwell Beds. The latter exhibit striking 
examples of intraformational folding and brecciation, graded and 
current bedding, which are attributed to the effects of a succession 
of submarine earthquakes. 

The classical Old Red Sandstone region of the Orkneys is de¬ 
scribed in a new Survey Memoir {The Geology of the Orkneys, Mem. 
Oeol. Surv. Scotland, 1936, 206 pp.). Professor D. M. S. Watson, 
Professor W. H. Lang and Sir J. S. Flett provide chapters on fossil 
fishes, fossil plants and petrography respectively. 

Jurassic sediments occupy an unexpectedly large area in the 
Trottemish peninsula of northern Skye. Dr. Malcolm MacGregor 
{Proc. Oeol. Assoc., XLV, 1934, 389-406) has studied the general 
geology of these strata, which ate much disturbed by the intrusion 
of Tertiary dolerite sills. 

Numerous papers and memoirs on English stratigraphy and 
regional geology have recently been published. It is only possible 
to comment on a few of these. A full description of the Cambrian 
succession of the Rushton Area (Shrope.) has been given by E. S. 
Cobbold and R. W. Pocook {PhU. Trans. Roy. Soc., Ser. B., 223, 
1934, 306-409). One hundr^ and one species of fossils, 29 olT 
which are new, have been determined. The Upper Cambrian is 

XK 
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divided into six named zones, the Middle Cambrian into five, and 
the Lower Cambrian into six. Other papers are:— 

E. S. Cobbold and W. F. Whittard, “ The Helmeth Grits of 
the Caradoc Range, Church Stretton ; their Bearing on Part of the 
Pre-Cambrian Succession of Shropshire ” {Proc. Oeal. Aaaoc., XLVI, 
1936, 348-69); L. J. Wills, “ An Outline of the Palssogeography of 
the Birmingham Country ” (ibid., 211—46); T, G. Williams, “ The 
Pre-Cambrian and Lower Palaeozoic Rocks of the Eastern End of 
the St. David’s Pre-Cambrian Area, Pembrokeshire ” (Quart, Joum. 
Geol. 8oc., XC, 1934, 32-76); 0. T. Jones and W. J. Pugh, “ The 
Geology of the Districts around Machynlleth and Aberystwyth” 
(Proc. Oeol. Assoc., XLVI, 1936, 247-300); P. G. H. BosweU, 
“ The Geology of North-Western Denbighshire ” (ibid., 162-86); 
B. Smith, “ The M 3 Tiydd Cricor InUer ” (ibid., 187-92); D. Parkinson, 
“ The Geology and Topography of the Limestone Knolls in Bolland 
(Bowland), Lancs, and Yorks.” (ibid., 97-120); W. B. R. King and 
W. H. Wilcockson, “ The Lower Palaeozoic Rocks of Austwick and 
Horton-in-Ribblesdale, Yorks.” (Quart. Joum. Oeol. Soc., XC, 1934, 
7-31); J. S. Turner, “ Structural Geology of Stainmoor, Westmor¬ 
land, and Notes on the Late Palaeozoic (Late-Vaxiscian) Tectonics of 
the North of England ” (Proc. Oeol. Assoc., XLVI, 1936, 121-61). 

Dr. W. J. ArkeU has studied “ The Nature, Origin and Climatic 
Significance of the Coral Reefs in the Vicinity of Oxford ” (Quart. 
Journ. Oeol. Soc., XVI, 1935, 77-110). The resulting map of the 
Coral Rag shows that this formation is distributed in irregular 
patches which are interpreted as reefs in position of grovidh, separated 
by tongues and strips of the bedded detrital Wheatley Limestone 
types of deposit, which are interpreted as channels filled with 
current-bedded detritus. 

The fine but comparatively neglected sections of the Portland 
Beds on the Dorset mainland are now fully described by Dr. W. J. 
ArkeU (Proc. Oeol. Assoc., XLVI, 1936, 301-47). He urges that 
the Portlandian Stage should be reinstated and redefined on a 
proper historical basis. 

A new boring for water at Alford has enabled Professor H. H. 
Swinnerton to study the rarely-exposed strata immediately beneath 
the Red Chalk of Lincolnshire (Quart. Joum. Oeol. 8ci., XVI, 1985, 
1-46). A bed of light-coloured marl which contains exceptionally 
interesting fossils was found beneath the Carstones, and has been 
christened the Sutterby Marl. 

A fuU treatment of “ The Eocene and Pliocene Deposits of Lane 
End, Bucks,” where many new sections have been opened, gives 
S. W. Wooldridge and C. J. C. Ewing (Quart. Joum. Oeol. Soc., 
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XCl, 1936, 293-317) the opportunity of reviewing the lithological 
characters and variations of the Reading Beds as a whole. 

The object of Miss M. W. Tomlinson’s paper on “ The Superficial 
Deposits of the CJountry North of Stratford on Avon ” (Quart. 
Jown. Oeol. 8oc., XCI, 1935, 423-62) is to put forward a classifica¬ 
tion of the superficial deposits of this critical Midland area with a 
view to the determination of their distribution and relative ages. 
A description of the drift deposits is followed by discussion of the 
relation between the Eastern and Western Drifts, and the eflFects 
of glaciation on the drainage. The final section shows the suggested 
chronological sequence of the superficial deposits. 

Dr. J. D. Solomon’s work on “ The Westleton Series of East 
Anglia : Its Age, Distribution and Relations ” {Quart. Joum. Oeol. 
Sci., XCI, 1935, 216-38) shows that this series is a widespread 
marine deposit contemporary with a glacial phase which brought 
Scandinavian ice to the Norfolk coast. The North Sea Drift, a 
boulder clay laid down by this ice sheet, is regarded as an intercala¬ 
tion in the Westleton Beds. Certain glacial sands in Suffolk, Essex, 
Hertfordshire and Middlesex are correlated with the Westleton 
Series. 


BOTANY. By PaorEsaoB E. J. Salisbuby, D.Sc., F.R.S., University 

College, London. 

Ecoiioav.—The ecology of Studland Heath is described by R. Good 
{Joum. Ecology, XXIII, 2,361). The area has a rainfall of approxi¬ 
mately 28 inches per annum and this low amount of precipitation 
is associated with a porous sandy soil almost devoid of calcium. 
The chief type of vegetation is heath differentiated mainly on the 
basis of the supply of soil moisture. 

In the same Journal (XXIII, 2, 406) F. W. Anderson and P. Falk 
describe the vegetation of the central desert of Iceland, which has 
a soil that is derived from weathered basalt and so porous that, 
despite an annual rainfall of perhaps some 46 inches, the soil is 
almost always dry except when snow covered from September to 
May. The scree and valley slopes bear a sparse vegetation to which 
Ceraatium alpinum, Arabia petrcea, Armma maritima, SUene tnaritima 
and Elymua marUimua contribute. The oases present a swamp flora 
in which species of Willow are the dominants {Salix lanaia, 8. phylici 
folia, 8. herbacea with Poa alpina, Calamagroatia negleda and Poly¬ 
gonum viviparwm as frequent constituents). The hill-tops by reason 
of the greater soil stability also have a richer flora than the slopes, 
and here occur S&ene acauUa and 8axifrttga oppoaitifalia. In all» 
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48 speoiea of vascular plants were recorded, 1 equisetum and 19 
mosses. 

From a study of Wood Fen near Ely, H. and M. E. Godwin and 
M. H. CliflFord confirm Skertchley’s views as to the sequence, namely, 
in order from below upwards, (1) Oak, (2) Oak-Yew, (3) Pine, (4) 
Pine, (5) Alder-Willow. The Pine stage is held to be post-boreal, 
possibly of Bronze Age. During the last 200-300 years artificial 
drainage has caused a fall in the surface level of the peat of about 
10 feet {Joum. EcoL, XXIII, 2, 509). 

The vegetation of pathways is described by G. H. Bates {tbid,^ 
p. 470). The most characteristic species in the examples studied 
were Poa pratensiSj Loliutn perenne, Trifolium repens^ BeUis perennis, 
Planiago major, P. coronopus and Hieracium spp. The increased 
density due to treading of the soil appears to be confined to the first 
three to five centimetres depth and the main factors responsible for 
the composition of the footpath flora are held to be the mechanical 
injury due to treading and the puddling effect. On cart-tracks 
Plantago major, Polygonum aviculare, Matricaria suaveolena, Sene- 
biera Coronopus, Poa pratensis and Agrostia stolonifera were charac¬ 
teristic, all of which appear to be favoured by the diminished 
competition for light. 

H. Jenny in Soil Science (40, 111-28, 1935) discusses the relation 
of the clay content of soils to climatic factors. From examination 
of 161 soils in the Eastern States of America it is concluded that 
temperature is the chief factor affecting the clay content, which 
in a variety of parent materials shows an increase from north to 
south. With increase of temperature the clay content increases 
exponentially. In relation to moisture when the temperature is 
constant the clay content is held to follow the equation m (N.S. 
quotient) + n = per cent, of Clay, where n and m are constants. For 
idealised soils derived from gneiss or granite with a temperature 
of 10° C. the clay fraction with an N.S. quotient of 100 would be 
about 4*6 per cent., 9-2 per cent, with an N.S. quotient of 200 and 
18‘6 per cent, with an N.S. quotient of 400. In other words the 
clay fraction increases proportionally to the N.S. quotient. The 
clay content for this purpose is the average for a depth of 36 to 40 
inches taking the clay-content of the surface as one-quarter and 
that of the subsoil as three-quarters. 

Moephology. —^An interesting abnormality in AracMs hypogea 
is reported by J. S. Patel and G. N. Narayana {purrent Scieme^ IV, 
102, 1935). Whilst the vegetative shoots of the earth nut are 
negatively geotropic, the fruit-stalks which develop after fertilis¬ 
ation are positively geotropic, and thus the pods become buried 
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in the soil. In the speoimen described by the authors, of the twenty- 
fire gynophorea fourteen were normal but seven grew erect, whilst 
the remaining four exhibited a positive response at first but subse¬ 
quently changed their geotropio response and bent upwards. The 
abnormal erect gynophores did not produce pods when growing in 
the air. Experiments in which g 3 mophores were allowed to pene¬ 
trate various media showed that pods do not develop in sawdust, 
cotton wool or air, whether dry or moist, but in denser media such 
as sand, powdered charcoal, etc., set pods were formed alike when 
the medium was dry or moist. It is suggested that the mechanical 
resistance is the stimulus inducing pod formation. The only striking 
difierenoe in structure of the abnormal gynophores as compared 
with the normal was the scanty development of plastids. 

B. L. Gupta in the same Journal (p. 104) records details of the 
development of the pollen and embryo-sac in Wcdffia arrhiza. It 
appears that the spherical anther contains two archisporial groups 
and dehisces at the apex along a line of weakness formed by dis¬ 
integration of endothecial cells. The ovule is orthotropous with 
two integuments and a nucellus which is almost wholly destroyed, 
except at the apex, by the developing megaspore-mother-oell. An 
eight-celled embryo-sac is formed in which the antipodab are 
ephemeral and the polar nuclei fuse at an early stage. 

The value of the type of seed in classifying the species of Rhodo¬ 
dendron b dealt with by Kingdon Ward in the Journal of Botany 
for September (LXIII, 873, 241-7, 1936). Three main groups are 
reoognbed. The first, common to most arboreal types, has an oval 
flattened form with a membranous border all round, frequently 
expanded at the extremities into a fin-like lobed structure. The 
seed is here finely striated and the length b iisuaJly less than three 
times the breadth. By contrast, the second type which b character- 
btic of the epiphytic species has a spindle-shap^ form with a length 
of four to six times the breadth, the ends drawn out sometimes into 
long tails and the tips frequently in fin-like expansions. The seed 
b here too finely striated and b clearly a modification of that 
characterising the arboreal tjrpes. In the third group the seeds are 
rounded or angular, either striated or pitted, and devoid of both 
the marginal membrane and terminal processes. Thb type b found 
in most of the alpine species and characterises the typically alpine 
sections, but the alpines belonging to the section Neriiflorutn, for 
instance, have winged seeds and are i^arded as derived from forest- 
inhabiting ancestors. Abo thb type b found in non-alpine sections 
Mad b regarded by the author as the most primitive. 

Poor root development has been found by T. C. N. Singh {Current 
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Science, IV, 30, 1036) to be associated with sterility, and experi¬ 
mental irrigation with water and added salts was found to remedy 
the condition, in Cajanua irtdica. 

Cytologioal. — A cytologioal study of four microspecies of 
Erophila vema has been made by R. Griesinger {Flora, 29, 363-80, 
1936). Of these, three exhibited a haploid chromosome number of 
twelve and the other a haploid chromosome number of about twenty. 
In all four microspecies there was a normal reduction division in 
the embryo-sac resulting in an eight-nucleate condition. The 
fertilised egg develops in a similar manner to that of CapaeUa, 
The numerous microspecies of this genus and the fact that they 
produce seeds even when the flower remains closed suggested the 
possibility that they might be not merely self-fertilised but perhaps 
even apomictic as in other polymorphic types such as Taraxacum 
and Alchemilla, The author however found that in the four micro¬ 
species studied seed was never produced by either castrated or 
normal flowers without pollination and no cytologioal indication 
of apomixy was observed. 

]^om an investigation of various Florideae, M. A. Westbrook 
concludes that the members of this group have a normal type of 
nucleus of small size with numerous chromosomes. In nine different 
genera a spireme stage was recognised in the prophase of the first 
sporangial division. No evidence was obtained of any relation 
between the nucleolus and chromosome formation {Beihefte z. Bot. 
Centralb., LIII, 564-85, 1935). 

Cryptogams. —Recent work in this field includes the elucidation 
of the life histories of several interesting species of algas. The 
Floridean fresh-water alga Chantranaia vidlacea has been studied 
by K. M. Drew {Ann. Bot., XLIX, 439-60, 1935) who places it in 
the genus Rhodochorton. Both tetrasporic and sexual plants are 
found but either may reproduce through the formation of mono- 
spores. The winter phase would appear to be tetrasporic and the 
summer phase sexual whilst monosporic reproduction is most 
frequent in the winter phase. The sexual organs are similar to 
those of marine species of Rhodochorton. 

Investigation of the Brown alga PhUoeoapora brachiata by W. T. 
Mathias {Publ. Hartly, Bot. Laba., 13, 1935) shows that during the 
winter months it is a partial parasite living endophyi^ically in the 
thallus of Rhodymenia palnuiUi, About mid-April shoots extend 
from the endophytic filaments and develop externally on the host 
thallus. These shoots give rise to unilocular sporongia from which 
haploid biciliated zoospores are formed. The zoospores foim small 
filamentous plants, bearing multilocular sporangia, and the gametes 
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which theae produce fuse to form the zygote that develops into the 
endophytic plant. In mid-September the reproductive shoots die 
down so that only the endophytic condition is to be found during 
the winter. 

The genera Sargaaswn and Cystophyllum differ from most Fucaceae 
in the mode of liberation of the oogonia which are here temporarily 
attached by stalks of mucilage and are fertilised in the attached 
state. E. M. Delf records the attached condition as also found in 
Bifurcaria and probably also in Marginaria. It is suggested that 
the attached oogonium is associated with the unisexual condition 
in deep water species (New. Phyt., XXXIV, 246-69, 1936). 

ENTOMOLOGY. By H. F. Bahnsss, M.A., Ph.D., Rothamsted Experi¬ 
mental Station, Harpenden. 

GsNKBAn Entomology. —A useful directory of the Bureau of 
Entomology and Plant Quarantine has recently been issued by 
the U.S. Department of Agriculture (Misc. Pub. No. 220, 1936, 
88 pp.). This contains a statement of the functions of the Bureau 
with the names and addresses of the administrative leaders. A 
list of laboratories, officers and field headquarters is arranged alpha¬ 
betically and, in addition to the name of the person in charge and 
the address, a brief statement of the work being carried on is given 
in each case. A personnel index and a division index increases 
the usefulness of this publication. 

R. T. Holway (Psyche, 42, 1936, 1-24) has lately made a study 
of the pretarsus or claw segment of insects with a view to its pos¬ 
sible phylogenetic significance. He has indicated the type of claw 
segment found in the more important insect orders together with 
the common basic plan. The author has also outlined possible 
homologies. This investigation has shown that there are most sig¬ 
nificant agreements in many cases and there are correlations which 
fall in with phylogenetic concepts already accepted or debated from 
the evidence of the comparative morphology of other structures. 

A valuable review of the experimental evidence concerning the 
location of olfactory receptors in insects has been compiled by J. 
Marshall (Trans. R. Ent. 8oc. Land., 83, 1936, 49-72). 

C. Harukawa, R. Takato and S. Kumacdtiro (Ber. Ohara Instituts. 
/. Landwvrts. Forsch. in Kwaschiki, 7, 1936,1-97), who have studied 
the population density of the Rice-Borer, have made a notable 
contribution to the knowledge of insect fluctuations in the field 
over long periods. For some years the numbers of the moths 
caught by light-traps have been used as a basis for predicting the 
abundance as well as the time of appearance of the insect. How- 
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ever, the present investigation has shown that rioe-bor^ may 
become very abundant even when the moth population at the 
beginning of the generation is not very large, i.e. the larval popula¬ 
tion is not proportional to that of the moths caught. The light- 
trap therefore is not a general index of the abundance of the larvae 
in the coming generation. The population density can better be 
found by collecting the injured rice culms several times during 
the growth period of the rice-borer and direct counting of the 
larvae found. Light-trap experiments conducted by the Okayama 
Agricultural Experiment Station for twenty-four years (190&-32) 
showed only two years when the rice-borers were very abundant 
in both the first and second generations. The authors failed to 
find from this data any direct or definite relation between the 
population and weather. The death rate among larvae and pupae 
followed the same trend of change as the population density with 
a lag of one year and it seemed that the mortality was chiefly 
governed by the percentage of parasitised larvae. However, it was 
not possible to find any definite relation between weather and the 
mortality and percentage of parasitised larvae in their growth 
period. 

In population studies dififerential eflects of factors on host and 
parasite and also on the two sexes are important. In this con¬ 
nection some work (Bull. Ent. Res., 26, 1936, 316-22) by A. D. 
Hanna is interesting. He has found that the tissues of the testes 
of Ewhalcidia caryobori, a parsite of the Bruchid Caryoborua paUMus 
which infests senna pods, are more sensitive to low temperatures 
than the tissues of the ovaries. After exposing the pupae of both 
the male and female to a low temperature (16° C.) for 10 days, 
the females still laid the normal number of eggs, while 70 per cent, 
of the males were sterile. 

J. C. L. Bertram (J. Animal Ecol., 4, 1936, 36-42) has com¬ 
pared the results of some experiments regarding the activity of 
adult insects at low temperatures in East Greenland with those 
made by R. Krogerus (Acta Zool. Fennka, 12, 1932, 308) in Fin¬ 
land. It would appear that the East Greenland arthropods ate 
better adapted for successful adult life under adverse temperature 
conditions than are those of Finland. 

A useful paper by K. Mellanby (Biol. Rev., 10, 1936, 317-88) 
summarises and discusses the available information on the way 
in which climatic conditions and insect metabolism affect the rate 
at which water is evaporated from msects’ bodies. It appears 
that practically all the water evaporated is lost from the tracheal 
system. At higher temperatures, however, the body wall of the 
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oookroaoh becomes permeable to water as J. A. Ramsey (J. Exp. 
Biol., 12, 1936, 373-83) has recently shown. 

It is generally accepted that the gradually shortening days of 
late siunmer bring on the autumn brood of winged migrants among 
the two-host species of aphids in temperate zones. F. C. Baker 
{Canad. Ent., 67, 1935, 149-53) has studied the effect of length 
of day on resting treehole mosquito larvee near Ithaca, N.Y. The 
length of day is a more stable factor in these insects’ environment 
than temperatiire. He found that both wild and caged Mdes tri- 
aeriatus suspended activities about the middle of September and 
that wild ones hatch from the eggs during the first week in April, 
although there is still freezing weather. These two dates are about 
equidistant from the shortest day of the year, and the hours of 
possible sunshine in the particular latitude are about 12‘6 hours 
per day. 

O. Park (Ecology, 16, 1935, 162-63) has described a recording 
apparatus for measuring the nocturnal activity of insects and dis¬ 
cussed further results of his investigations on this aspect of insect 
activity. This paper is followed by one by the same author and 
O. Sejba {loc. cit., 164-72) on the nocturnal ecology of a myceto- 
phagous erotylid beetle. 

L. Berland (Ann. Soc. Ent. France, 104, 1936, 73-96) has pub¬ 
lished the first results of his study of the insects of the air caught 
by means of nets attached to aeroplanes. He has captured Pso- 
coptera, Coleoptera and Hymenoptera up to 1000 metres ; Col- 
lembola and Thysanoptera up to 2000 metres; and Hemiptera 
Homoptera and Diptera up to 23,000 metres. All the insects re¬ 
corded are small and weak or non-fliers. Berland suggests that 
they are carried upwards by ascending air-currents on account of 
their lack of resistance. 

The biological control of weeds is more difficult to accomplish 
than the biological control of insect pests. E. Cameron (J. Eco¬ 
logy, 23, 1936, 266-322) has made a complete study of the natural 
control of ragwort. In this paper two insects, the Cinnabar moth 
Tyria jcusobaece and the Anthomyid fly Pegdhylemyia aeneciella, and 
some of their parasites receive particular attention. In addition, 
there is an interesting summary of weed control by insects through¬ 
out the world and also accounts of the biological control of weeds 
in New Zealand and the mass coUection and shipment of weed¬ 
controlling insects. 

J. G. Myers (Trana. B. Ent. Soc. Land., 83, 1936, 11-22) gives 
some man instances of nesting aasociations of birds with social 
insects. Apparently these associations with Aculeate Hymeno- 
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ptera and Termitea are more widespread than generally supposed 
and are much more definite and more regular. Among the con¬ 
clusions reached is that the association can be explained on Miillerian 
and Batesian lines, all three partners receiving more protection 
than if nesting alone—the birds the most and the ants the least 
—^while the bird nests form the recognition mark of the ensemble, 
t.e. the advertisement of danger. 

CoLBOPTEEtA. —W. A. McDougall (Queensland Agric. J., 42, 
1934, 43-70) has investigated the reliability of larval length, an¬ 
tennal segment ratios, head width and the greatest width of the 
ventral mouth parts, as criteria for. determining larval instars of 
Lacon variabUis. He found that any of its larval stages can be 
recognised by the greatest width of its ventral mouth parts. The 
appUcation of Dyar’s law is discussed. The measurements of the 
last seven instars are approximately in arithmetical progression. 
The first instar is easily distinguished by the shape of its ninth 
abdominal segment and the isolation of the ventral mouth part 
measurement. This knowledge was applied to the recognition of 
the instars of seven species of Heteroderes and nine other Lacon 
species. Here it was successful with the exception of the first 
instar which however was easily distinguishable. The growth rate 
for L. variabUis was found to be more rapid during the earlier 
stadia. That of other species was similar. Useful methods of 
technique are given and it is pointed out that the critical 
period of all the species under consideration is during the early 
instars. 

R. W. Glaser and C. C. Farrell (J. N.Y. Ent. Soc., 43, 1936, 
345-71) have been inoculating field plots and fields with Neo- 
aplectana, a nematode parasite of the Japanese beetle, in an attempt 
to assess the practicability of using this nematode in controlling 
the beetle. The larvee of this beetle become infected by way of 
the month with the second stage nemas. The parasite develops 
two or three generations within the body and destroys the larv® 
by feeding on their tissues. It had previously been found pos¬ 
sible to cultivate this nematode on an artificial medium. The first 
result of the inoculation experiments has been to demonstrate 
that it is possible to introduce the nematodes into the soil by bury¬ 
ing them. Secondly, the nematode became permanently establish^ 
and produced a high mortality. 

The Bruchid® live in the larval stage mostly in the seed of 
the Leguminos® and are of great economic importance. Miss 
Gwyneth M. Herford (Trans. Soc. BrU. Ent., 2, 1936, 1-32) has 
constructed a key to those members of this faznily which axe ctf 
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economic importance in Europe. Besides the actual keys there 
are descriptions. There is also a list showing the distribution and 
host plants. 

Lbpidoptbka. —J. S. Skoblo {BuU. Ent. Rea., 26, 1936, 346-54) 
has investigated the effect of intermittent starvation upon the 
development of larvae of the meadow moth {Loxoatege atricticalia). 
One of the more interesting results is the fact that more than 50 
per cent, of larvae fed only two hours a day and starved for twenty- 
two hours accomplished their complete metamorphosis and pro¬ 
duced moths that were fully capable of living. The nature of the 
food also influenced the length of development under conditions 
of intermittent starvation. For example, starving for eight hours 
a day when feeding larvae on wormwood resulted in greater increase 
of development than starving for twelve hours a day when feeding 
on goosefoot. The length of development of each stage was shown 
to depend on the feeding during the previous stage. 

Hymbnoptbra. —W. Pickles (J. Animal Ecd., 4, 1935, 22-31) 
has shown that the ant Formica fuaca has a feeding territory of 
236 sq. yards, while Myrmica acabrinoidea haws one of 140 sq. yards 
and Acanthomyopa niger one of 35 sq. yards. The last named has 
the most populous nest, F. fuaca the next and M. acabrinoidea 
the least. 

W. F. Beinig (J. Oenetica, 30, 1936, 321-56) has made a study 
of the colour variation of Bombua lapidariua and its cuckoo Paithyrua 
rupeatria giving notes on the mimetic similarity. This similarity 
is concluded to have arisen by an orthogenetic process due to the 
common descent of host and cuckoo and not by natural selection. 
The orthogenetic process is influenced by exogenic conditions 
(climate and food). 

In 6. Salt’s third experimental study in insect parasitism [Proc. 
Roy. 8oc., B., 117, 1935, 413-35) the question of host selection 
is considered. Ovipositing females of Trichogramma evanaacena 
examined, selected and attacked, in addition to a number of true 
hosts, several unsuitable ones in which their progeny were unable 
to develop and also a variety of false hosts such as particles of 
sand in which they were unable even to lay their eggs. Two strains 
of this parasite reared exclusively on Bitotroga cereaklla and Epheatia 
kudmi^ respectively for 63 and 48 generations did not develop 
a preference for their respective hosts. Trichogramma uses defi¬ 
nite and definable criteria for the selection of its hosts, the most 
important of which is size. 

An important account of biological investigations on some 
Danish Hymenopteioas egg parasites, especially in Homopterous 
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eggs, has been written by 0. Bakkendorf (EtU. Medd., 19, 1934, 
1-134). This includes taxonomic remarks and descriptions of new 
species. 

Dipteba. —^The biology and morphology of the immature stages 
of the Mycetophibd Macrocera anglica have been described for the 
first time by S. Madwar (Psyche, 42, 1936, 25-34). The larvae of 
this fly resemble small earthworms and live imder loose bark of 
oak, ash and elm. They live separately under a hygroscopic web 
and glide quickly over the surface of fungoid growth covering the 
bark, moving forward or backward with equal ease, occasionally 
they reverse their heads and glide on their sides. They are prob¬ 
ably partly carnivorous and partly fungivorous. Thus the web¬ 
spinning Mycetophilids (Ceroplatinse, Macrocerinss and Platyurinse) 
can be grouped together as the only flies in the family which are 
carnivorous. The larvae are apneustic, the skin being thrown into 
numerous folds of which the integument is thin and richly supplied 
with a subcuticular net of tracheoles. 

P. Bovien (Videmk. Medd. fra Danak ruUurk. Form., 99, 1936, 
33-43) has compared the larval stages of Scaiopae fuaeipea with 
those of 8. notata. In discussing the respiratory system, Bovien 
comes to the conclusion that the role of the posterior spiracles with 
their system of arborescent tracheoles in the eleventh and twelfth 
segments is absolutely predominating. Prom a physiological point 
of view these larvae may be considered as metapneustic. 

M. Thomsen (Proc. Zool. 8oc. London, 1936, 631-60) has des¬ 
cribed the morphology of the egg, larva and pupa of the blopd- 
sucking Muscid Hasmatobia atimulana and compared the develop¬ 
mental stages with those of Stomoxya calcUrana and Lyperoaia 
irritana. The cephalo-pharyngeal skeleton is very similar in the 
three species. These flies, belonging to the Stomoxydinae, possess 
two asymmetrical mouth-hooks, the left one being much reduced 
in size and probably functionless. The dorsal epistomal solerite 
is furnished with two pairs of sensillES. The cephalo-pharyngeal 
skeletons of Muaca domeatica and CaUiphora eryOvrocephala are also 
studied. The epistomal sclerite is again present in both these flies 
and even the smaller sclerites can be homologised with those of 
the Stomydinse. 

Mary E. Puller (Courus. Set. and Ind. Rea. (Auabralia), Bull. 82, 
1934, 62 pp.) has dealt fully with the inter-relationships of the 
insect inhabitants of carrion. There is a definite suooession of in¬ 
habitants, each stage of decomposition being characterised by a 
particular group of insects. Competition between the insects is 
the main factor regulating the general blowfly population. Besides 



BNTOHOliOOY 


600 

this there is the influence of associated insects and that of climate. 
There is some evidence to show that competition is the main cause 
of succession. Miss Fuller besides discussing general biological 
problems also deals with economic ones. 

G. Fraenkel (Proc. Roy. iJoc., B., 118, 1936, 1-12) has proved 
that there is a hormone which induces pupation in CaUiphora 
erythrocephala. It is secreted from 16 hours before pupation at 
20° C. The hormone-producing organ is the ganglion or in its 
immediate neighbourhood. After the hormone has been discharged, 
pupation can be successfully accomplished without the co-opera¬ 
tion of the ganglion. A further interesting result of this investiga¬ 
tion is the fact that the atmospheric oxygen required for the darken¬ 
ing of the pupa is brought to the skin through the tracheal system. 
The results are compared with Kopec’s work (1922-4) on Lymentria 
diapar and Wigglesworth’s investigations (1934) on Rhodniua pro- 
lixtis. Fraenkel comes to the conclusion that the mechanism of 
moulting and pupation in the three insect orders—Lepidoptera, 
Hemiptera and Diptera—^includes a very similar principle. 

Further papers on sheep blowfly research include the follow¬ 
ing: on a substance, cholesterol, that is essential for the growth 
of blowfly larvee by R. P. Hobson {Biochem. J., 29 , 1936, 1292-6 
and 2023-6); on the growth of larvse in association with bacteria 
by the same investigator (loc. cU., 1286-91); on the effect of 
humidity on sheep maggots by W. M. Davies and R. P. Hobson 
(Ann. Appl. Biol., 22 , 1935, 279-93); and one dealing with the 
substances which are attractive to sheep blowflies and essential 
to oviposition by R. P. Hobson (loc. cit., 294-300). 

Other Orders. —^The presence of wing buds in the pupa of 
Aphaniptera has been demonstrated by M. Sharif (Parasitology, 
27 , 1936, 461-4). This investigator has found wing buds on three 
species in two different families. He therefore presumes that the 
ancestors of fleas had on the mesothorax, as in the Diptera, 
functional organs of flight. This discovery throws light on the 
origin of the Aphaniptera which previously was considered the only 
order of insects with a complete metamorphosis that was totally 
devoid of wings. 

V. B. Wigglesworth (Proc. Boy. 8oc., B., 118, 1936, 397-419) 
has studied the anatomy of the tracheal system of the flea JCeno- 
payUa eheopis. The closing mechanisms of the spiracles is des¬ 
cribed. When there is no muscular movement the third thoracic 
and eighth or last abdominal spiracles show a rhythmic opening 
and closing ; the remaining spiracles are generally closed. During 
mnsoular activity the flrst and second thoracic open and the open- 
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ing of the third thoracic and eighth abdominal is prolonged. At 
the height of digestion all the spiracles of the abdomen may show 
rhythmic movements or remain permanently open. It is concluded 
that the spiracles are caused to open chiefly by oxygen want but 
that the dmation of the open period is determined mainly by the 
time taken for carbon dioxide to diffuse away. 

The bionomics and anatomy of the archaic but highly specialised 
stone-fly Stenoperla prasina have been investigated by G. A. H. 
Kelson {Tram. Boy. Soc. N.Z., 64, 1934, 214-48). The chief 
differences from the generalised insect-type are the nymphal adap¬ 
tations of the tibio-tarsal region of the legs correlated with the 
aquatic habitat and the presence of a gas in the crop and gizzard 
of the adults. As regards venation, it is concluded that M( is not 
present in Stone-flies. 


AGBlCtJLTURAL PHYSIOLOGY. By Abthub Waiton, B.So., 
Pb.D., School of Agriculture, Cambridge. 

The XV International Physiological CJongress was held this year 
in August in Leningrad and Moscow. In a country where produc¬ 
tion is primarily for use and not for profit, where the phenomenon 
of “ tmderconsumption and surplus production ” is non-existent and 
where scientific application to agriculture is in its infancy but already 
outstripping in importance that of any other country, it is not 
surprising that many contributions to the Congress should be within 
the scope of applied agricultural science. It will therefore not be 
out of place in a review of recent advances to devote some space 
to these contributions. The Summaries of Communicatiom is pub¬ 
lished by the State Publishing House for Biological and Medical 
Literature Moscow-Leningrad, 1935. M.M. Zawadowski (U.S.S.R.) 
contributes an important paper “ On the Contradictory Interaction 
of the Organs of the Animal Body.” It is shown that while the 
anterior lobe of the pituitary largely controls the development and 
activity of the gonads, and the gonads in turn control the develop¬ 
ment and activity of the secondary sexual organs, there is a corre¬ 
sponding inhibitory influence in the reverse direction ; the secondary 
sexual characters exerting an inhibitory influence on the gonads 
and these in turn inhibiting the pituitary. Thus it is shown that 
removal of secondary sexual organs {e.g. the cock’s comb) increases 
the size of the testis and removal of the uteras of young female 
rats increases the weight of the ovaries and the corpora lutea are 
more fully developed. Conversely, injection, transplantation or 
feeding of prostate, seminal vesicles or comb to young rats inhibits 
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the development of the testis. Thus the writer visualises the system 
symbolically; 

+ tl + tl 

Hypophysis ^ Sox gland :i± Sexual oharaoters ^ 

it “ if " it 

The arrows indicate interaction with some other system or organ. 
+ indicates stimulation and — inhibition. This “ Plus and Minus ” 
hypothesis can, according to the writer, be extended to other 
developmental systems and to cover such general phenomena as 
the existence of a growth limit, compensatory hypertrophy, regula¬ 
tion, etc. 

Hammond (England) and Mirskaia (U.S.S.R.) both contribute 
papers on “ (Estrus and Ovulation in the Mare.” The former gives 
the average duration of oestrus as 7 days but it varies within the 
limits of 3-41 days. The luteal phase, however, is much more con¬ 
stant in length. Variation in length of the whole cycle is therefore 
primarily due to rapid or slow follicular growth. Qilstrus ceases 
24 hours after ovulation. Cessation of heat can be brought about 
experimentally by rupturing the follicle per rectum ; if ruptured 
early in heat (2nd day) a corpus luteum is not formed and a new 
follicle develops and a new heat follows in a few days, if ruptured 
towards the end of heat (6th day) a corpus luteum is formed and a 
normal dioestrum succeeds. Mirskaia states that ovulation occurs 
1-2 days, rarely 3 days, before the end of heat. During oestrus the 
vaginal smear consists only of cornified cells, the mucous membrane 
is hyperemic and moist and the cervix relaxed. Pavlenko 
(U.S.S.R.) states that by use of gonadotropic extracts the normally 
monoestrous Black Fox can be made to breed twice a year. Hem- 
mingsen and Krarup (Deiunark) show that the normal day and night 
rhythm of sexual activity of the rat can be reversed by artificial 
light and induced darkness. The action of light on the reproduc¬ 
tive system is also referred to in a monograph (see below) where 
it is claimed (Kabak, p. 84) that during wintw, supplementary electric 
lighting increased the average daily milk yield of cows by ^ to } 
litres per diem. MoCay, Cromwell and Maynard (U.S.A.) record 
that growth-retarded rats have a longer life than normal animals. 
They do not attain full body weight, but retain capacity for growth 
longer. Brooks (U.S.A.) concludes that sexual activity of the rabbit 
can be aroused by stimuli received over any one of several paths. 
The motor and sensory deficiencies produced by extirpation of the 
entire neo-cortex fiul to abolish mating reactions, provided the 
oUkctory apparatus is functioxud^ Olfactory, visual and auditory 
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Btimuli are not essential for the elicitation of a response from animals 
possessing at least the frontal half of the neo-cortex. On the other 
hand animals deprived of their olfactory lobes and all neo-cortex 
except the caudal half of one side (the region containing the visnal 
cortex) mate normally but do not after visual stimuli have been 
eliminated by enucleation of the eyes. Barcroft and Barron (Eng¬ 
land) have found that respiratory reflex movements occur in the 
foetus as early as the 39th day of pregnancy in the sheep. The 
cause of the first breath of the new-born lamb is oxygen want which 
produces a gasp similar to the dying gasp in cyanide poisoning, but 
which by drawing oxygen into the lungs initiates the free life of 
the lamb. 

In addition to these communications to the Congress, the Physio¬ 
logical Laboratories of the Institute of Animal Husbandry presented 
a collection of short monographs by the heads of the various sections, 
indicating the nature of the work done in the laboratories and the 
progress made in recent years. E. F. Liskun outlines the organisa¬ 
tion of the Institute in relation to the development of Animal 
Husbandry throughout the U.S.S.R. M. M. Zawadowski reviews 
various studies on the endocrinology of sex leading up to the “ Plus 
and Minus ” Theory mentioned above. A section is also devoted 
to problems of parasitology. B. M. Zawadowski contributes an 
article on “ Some Problems of Zootechnical Endrocrinology.” The 
diagnosis of pregnancy ; the preparation of gonadotropic hormones ; 
the preparation and use of “ lysates ” (t.e. decomposition products of 
histolysis which are claimed to have specific or general stimulatory 
functions when injected into the living animal); the use of insulin 
to increase growth rate of fattening pigs ; the artificial production 
of moulting by thyroid injection into geese; these are some of 
many interesting applications of endocrinology to practical problems 
of agriculture which are discussed. O. F. Neuman describes the 
present position with regard to artificial insemination. Several 
millions of stock are now artificially inseminated mainly with a 
view to increasing the usefulness of valuable sires. A record of 
2700 ewes inseminated with sperm from one ram during one breeding 
season has been established (the normal number of ewes allotted to 
a ram is about 60). The transport of semen to a distance is also 
receiving attention. Chukicheff, “ On the Humoral Realisation of 
the Sympathetic Trophic,” reviews the work of himself and collabora¬ 
tors upon the humoral stimulation of organs innervated by the 
83 nmpathetic nervous system. Products of the acid hydrolysis of 
proteins (casein and fibrin) have apparently marked efieots upon 
these organs. The cUnical value of these products in both veterioaiy 
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and human medicine is stressed, G. I. AzimofF describes experi¬ 
ments on the use of alkaline extracts of anterior pituitary to increase 
lactation in the cow and sow. Finally there is a paper by N. D. 
Prianishnikov on the “ Production of Feeding StuflFs from Straw.” 
The removal of lignin in order to increase the digestibility of cellulose 
by various treatments is described. 

All the monographs are in Russian with English translations. 
The book is well illustrated, well printed and well bound ; a great 
advance on some previous publications. 


AHCHJCOLOGY. By E. N. Faixaize, B.A. 

The Place of Origin of Early Man. —The close association of 
prehistoric studies in Great Britain with the East Anglian terrain 
made it inevitable that early man should figure prominently in the 
programme of the Anthropological Section at the recent Norwich 
meeting of the British Association. Among a number of oommuni- 
cations of no little interest and importance Sir Arthur Smith Wood¬ 
ward’s Presidential Address to the Anthropological Section and the 
joint discussion between that section and the Geologists on the 
geological relations of early man in East Anglia stand out, each in 
its respective field, as marking a definite advance in the discussion 
of the problem of the origin and antiquity of man. 

Sir Arthur Smith Woodward’s address was a lucid and masterly 
survey from the point of view of geologist and palssontologist of 
the arguments which, in the light of recent research, point to Asia 
as the most probable place of origin of man. The argument in 
favour of an African origin based upon the existence of a warm 
fauna in Europe in the Pleistocene Age is, it was pointed out, no 
longer tenable. M. R. Vaufrey has shown recently that no land 
bridge existed between Africa and either Gibraltar, Malta or Sicily. 
In the light of the latest discoveries of fossil mammals in the caves 
of Palestine and Syria, showing a close connection between Asia and 
Africa, the similarities between the fossil fauna of Europe and 
Africa in the pleistocene is to be interpreted as due to a common 
source in Asia. The only direct communication by land with Europe 
was from Asia and it is by this route that the early races of man 
must have reached the western extremity of the continent, the claim 
for the early occurrence of ** modem ” man in Kenya being 
unsubstantiated. 

In considering the types and distribution of the fossil apes, not¬ 
withstanding the discoveries now being made in South-East Africa, 
the evidence points to south central Asia as the most probable area 
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in which links joining up the various forms of ape and man are 
most likely to be found. 

When Sir Arthur turned to the consideration of the early types 
of man he used a strong argument when he regarded Java man, 
Peking man, Piltdown man and Heidelberg man as variables of 
a common stock of approximately the same date, early pleistocene, 
which were peripherally distributed from a common centre in Asia ; 
and equally cogent was the view that the recent discoveries of 
skeletal material in Palestinian caves, in which Neanderthal and 
other characters are conjoined, we appear to have “ modem ” man 
in the making. 

In reference to Australia and America the significance wm 
stressed of the Australian affinities which have been discerned in 
the Wadjak and Solo finds in Java and in Rhodesian man and other 
skulls in South Africa, as an earnest of further discovery which will 
support the Asiatic origin of man in Australia, and of the evidence 
of implements of a type similar to those from the Gobi desert, which 
have recently been found in pleistocene deposits in Alaska. The 
claim for the discovery of artefacts in association with a pleistocene 
fauna in the South-Western United States was accepted, but with 
a certain caution as to the views of American paleontologists. 

Eably Mak IK East Akoua. —In the discussion on the geological 
relations of early man in East Anglia, which was opened by Professor 
P. G. H. Boswell, it was evident that, in the light of a recent reclassifi¬ 
cation of certain glacial deposits of the area, there was general 
agreement as between geologists and archaeologists th§,t archaeological 
finds fit quite naturally into the framework of the four glaciations, 
to which these deposits are now assigned. It was also clear, how¬ 
ever, that there are a number of doubtful points upon which further 
agreement among archaeologists themselves must be attained, before 
a fuU measure of co-operation can be afforded by the geologist. 

The first point is the authenticity and cultural position of the 
various pre-Crag industries. In a communication which preceded 
the discussion, presented to the Anthropological Section sitting 
alone, Mr. J. Reid Moir had offered a quintuple classification of 
these industries, each differing in age, but all of pliocene dating. 
The opinion was expressed in the discussion that, while the best 
pieces from this horizon might be accepted by archaeologists and 
geologists alike, much was of a dubious character, Mr. Hazzledine 
Warren still valiantly holding to his often expressed opinion that 
nothing belonging to this period was of human origin. 

Some doubt has been thrown on the geological position of the 
Chellean industry by the extremely abraded condition of the imple- 
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ments found in East Anglia and the discovery by Mr. J. E. Sainty 
of an unabraded implement in the North Sea Till. This would 
appear to indicate a pre-glacial date and point to a very lengthy 
duration for the Chellean, since the Acheulean does not appear until 
after the second glaciation. On this view Mr. Reid Moir’s Acheulean 
from the Upper Chalky Boulder Clay must be regarded as a sporadic 
intrusion due to later movement or penetration by frost cracks. 

It was further made clear that much greater precision is de¬ 
manded of the archseologist in the definition of industries. The 
archseological history of the third interglacial period in particular 
is a matter of doubt; and the hope was expressed that a detailed 
study would be mode of the industry represented by Mr. Reid 
Moir’s lower floor at Bolton’s Pit, Ipswich, also known from Norfolk, 
the prevalent culture of the period appearing as an assemblage of 
ihix^ character, showing what might be a degenerate Levalloisian 
with traces of Upper Palaeolithic. Probably it is peculiar to England 
(a report of the discussion will be found in Nature, Sept. 28, p. 602). 

Early Man in America. —Towards the close of his Presidentiad 
Address, to which reference is made above. Sir Arthur Smith Wood¬ 
ward touched upon recent accessions to knowledge relating to early 
man in America, more particularly in connection with the discovery 
of stone implements of late Quaternary Age in Alaska, said to 
resemble Asiatic implements from the Gobi desert, and recent 
archaeological and palaeontological research in the South-Western 
United States. With the conclusions drawn from the latter he 
found himself^n full agreement. There are, however, certain 
reservations, as he pointed out, which make it worth while to deal 
with the evidence a little more at length, especially as since his 
address was written, the results of further research have been 
published in America, which must be borne in mind in any discussion 
of the question as it now stands. Recent movement of opinion in 
the United States has been definitely to the side of admitting a 
much greater antiquity for the existence of man on that continent 
than was conceded under the view that he appears there only in 
post-glacial times and probably in an early neolithic phase of culture. 

In this connection, however, it must be mentioned that Dr. AleS 
Hrdli6ka, who has consistently shown himself an inflexible critic 
of the evidence which has been brought forward for the alleged 
quaternary age of human skeletal material hitherto found in America, 
now as the result of four years’ excavation on a habitation site in 
Kodiak island, Alaska, has arrived at the conclusion that the earliest 
occupation—while loess was still being deposited on the glacial till 
—does not antedate two thousand years, the area not being habit- 
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able before that period ; further that the physique and culture of 
the early people of Kodiak are identical with those of British 
Columbia and probably are ancestral to the Indians and the culture 
of the north-west coastal area. Details of the evidence for this 
view are not yet fully available. 

Dr. HrdliSka in fact would concur in the view recently put 
forward by certain authors, E. Antefs and others, that man in 
America penetrated to the south-west by a corridor running down 
the east side of the Rockies in a post-glacial pluvial period. This 
sets aside the evidence of a skeleton recently discovered at Pelican 
Rapids, Minnesota, in pleistocene deposits, its position being attri¬ 
buted to a landslide. In this instance, however, it has to be ad¬ 
mitted that other geological experts see no evidence of disturbance. 

Discussion of the antiquity of man in America now centres around 
the character and antiquity of the so-called Folsom “ point,” a leaf¬ 
shaped stone implement of which the most marked characteristic 
is a double concave in section due to a longitudinal groove running 
on each face from base toward the tip. The distinctive and differ¬ 
entiating character of this implement was hrst recognised as the 
result of discoveries at Folsom, New Mexico, in 1927. The attention 
attracted by the circumstances of the discovery revealed that 
“ points ” similar to the Folsom point had been known for some 
time and were widely distributed, occurring from Canada to the 
Gulf of Mexico, and from the Rockies to the Atlantic. Further 
study, however, indicated the necessity for discrimination. Not 
all these points were of the Folsom type. The characteristic double 
groove was lacking in all but those derived from the “ high-lands ” 
of the south-west, lying to the east of the Rockies. This area then 
was regarded as the centre of the Folsom culture, held to be the 
earliest Stone-Age culture of man on the American continent. Pro¬ 
fessor E. B. Renaud of the University of Denver, who has made an 
extended study of the Folsom industry and of the archseologioai 
sites of the south-western states, holds that a variant of the Folsom 
point, the Yuma point, is an earlier form ; but his data are derived 
from surface finds and his argument has not as yet been accepted 
as proved. 

The existence of a Folsom culture, as such, has been something 
in the nature of an assumption; but its existence has now been 
proved by investigations made by Mr. F. H. H. Roberts, Jr., of the 
Bureau of American Ethnology, on the Lindenmeier site in Northern 
Colorado. Here Mr. Roberts found a habitation-factory site in un* 
disturbed deposits, showing all stages of the manufacture of the Fol¬ 
som point, with a variety of stone implements, the general character 
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of the complex pointing to the existence here of a primitive hunting 
people who, judging from the number and variety of the scrapers 
present, had made a free use of the skins of the animals they had 
hunted. A preliminary report on the results of the excavations 
carried out in October, 1934, appears in Smithsonian Miscellaneous 
Collections, Vol. 94, No. 4. Mr. Roberts resumed his investigations 
in the summer of 1935, and although no report is yet available, 
according to an official preliminary communication issued by the 
Smithsonian Institution, additional types of implements were dis¬ 
covered, an example of primitive graving art—the first known of 
its kind—indicating a use for the numerous gravers found, and a 
Folsom point embedded in the vertebra of an extinct form of bison. 
When the site was first discovered it was hoped that as the first 
discovery of the culture in stratified deposits, its position might be 
correlated with neighbouring gravels, thus affording indication of 
date ; and accordingly the site during the past summer has been 
under investigation by a geologist. Beyond the statement that 
trenches have been dug in various directions no announcement has 
been made as to the result. 

The elaborate technique and form of the Folsom point is not 
such as to suggest an implement of a primitive t}rpe. It has been 
compared with the European Solutrean type, to which indeed it 
bears some resemblance ; but the attempts which have been made 
to find a developmental series in the stone implements of the South- 
West, parallel to that of the European archaeological series, are not 
convincing. Any evidence which would corroborate the early date 
assigned to the Folsom industry is of capital importance. This, 
it has been claimed, was furnished by the discovery at Folsom in 
1927 of a Folsom point embedded between the bones of an extinct 
form of bison, now preserved with its matrix entire in the Colorado 
Museum. This was widely, though not universally, accepted by 
palaeontologists and archaeologists at the time as evidence of high 
antiquity. Subsequently further investigations, and notably those 
of Mr. E. B. Howard, of the University of Pennsylvania Museum, 
in New Mexico in the oaves of Guadalupe Mountains and in lake 
beds near Clovis in 1930 and succeeding years, have, it is claimed, 
demonstrated the contemporaury existence of man and an extinct 
fauna, including the musk ox and two extinct forms of bison. {See 
Museum Journal, Philadelphia, 24, Nos. 2-3, June 1936.) The 
occurrence of the musk-ox is taken to be conclusive evidence of 
a cold oUmate, which would point to the existence of man here at 
a time when the country further north was oovmed by an extension 
of the ice-cap, presumably the Wisconsin ice-sheet. Elsewhere in 
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the south-west, notably in Kansas and Nebraska, it is held, the 
occurrence of stone points with the bones of the mammoth as well 
as other extinct forms has been proved. 

Such evidence both in character and volume might be thought 
to afford conclusive support to those archaeologists in America who 
are now disposed to allow an antiquity to man on their continent 
of anything from ten to twenty thousand years. On the other hand 
not only does the question of accuracy of observation arise in a 
number of the instances—though many finds are above question 
in this respect—but it has to be remembered that conditions in 
America are peculiar. Quaternary palseontology there is obscure, 
and there is considerable difference of opinion among experts as to 
the dating and succession of the various types of extinct fauna. 
Some palaeontologists would go so far as to maintain that while 
they admit the contemporaneity of man and extinct types, these 
types survived into comparatively recent times and cannot be taken 
as evidence of high antiquity—as they would, for example, in 
Europe. In the circumstances an impartial estimate of the weight 
of evidence must regard the question as still open in so far as the 
palaeontological data are concerned. 

In the meantime American archaeologists, despairing of an 
immediate solution on palaeontological lines, are turning to the evi¬ 
dence of climate in prehistoric times in the hope of finding a guiding 
line. This method has been applied by Mr. William D. Strong of 
the Bureau of American Ethnology to the calculation of the date 
of certain cultures which he investigated on a mound site at Signal 
Butte, Nebraska (Smithsonian Miscdlaneous Collections, 94, 10). 
This site is otherwise of importance as the only stratified site in 
North America as yet known, on which it is possible to trace the 
development of the stone implement and other elements of culture 
in stratigraphic succession. Here Mr. Strong found three phases of 
culture, which he attributed to periods of pluviation, separated by 
archasologically sterile deposits laid down, he concluded, when the 
mound was not occupied in a period of aridity. The lowest cultural 
stratum rested on sands which he attributed to the pleistocene. 
Correlating the cultural phases with the evidence of climatic vari¬ 
ation in North America and basing his estimate on oaloulations which 
have been made from the observed drift of sand dunes, he concludes 
that the earliest occupation of the mound is to be dated at about 
10,000 years ago at least. When the chronological and cultural 
relations of this earliest phase of the Signal Butte site to the earlier 
stone industries of other sites in Nebraska and the finds from 
Colorado, especially the Lindenmeier site examined by Mr. Roberts 
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can be more exactly defined, it should afford a valuable chrono¬ 
logical datum line. It is, however, significant that Mr. Strong’s 
estimate may have to be reduced by as much as 2000 years if the 
view of certain experts are accepted and it is agreed that the sands 
on which the earliest culture rests are not pleistocene, as held by 
Mr, Strong, but belong to the succeeding period. (A summary of 
the evidence from Colorado, New Mexico and Nebraska will be 
found in Nature, October 5, 1936, and the question is further 
discussed in Discovery for December.) 



NOTES 


The HaUey Lecture, 1935 {R. W. W.)^ 

Just as the ring system of Saturn provided inspiration for the 
famous Nebular Theory of Laplace, so contemplation of the 
Andromeda and other spiral nebulae was first responsible for the 
conception of our galaxy as a system discoidal in shape and rotating 
in its own plane. This model has persisted in its essentials ever 
since sidereal astronomy first became a serious study under the 
leadership of Sir William Herschel, but, while its general form has 
remained unaltered, its dimensions have shown pulsations com¬ 
parable to those attributed to the Cepheid variables on which much 
of our knowledge is based. Herschers estimates were necessarily 
rough, for he did not know the actual distance of a single star. 
His model of the galaxy was 6,000 light years in diameter, B60 
times his estimate of the average distance of a first magnitude star. 
Statistical analysis of stellar distribution by Seeliger and Kapteyn 
increased the dimensions ninefold, but the shape of the model 
remained unaltered, and the sun was still placed at the centre. 
Shapley, by applying the period-luminosity law of the Cepheid 
variables to the determination of the distances of the globular 
clusters, found that the diameter of his model had increased to 
260,000 light years, while the sun was 65,000 light years from the 
centre. This represented the maximum size of the model; further 
modification has been all in the opposite direction. 

A correction to the zero point of the period luminosity curve 
caused Shapley in 1929 to reduce his scale by some 11 per cent., 
while about 1930 there commenced an examination into the effects 
of absorbing material in the galaxy, diminishing the light of the 
stars and thus making former estimates of their distances too large. 
An independent method had been provided by the recently demon¬ 
strated rotation of the galaxy, which enabled the distance of the 
sun from the centre to be determined dynamically. The two 
methods, entirely diiEFerent in their principles and in the observa* 

' The Dimeneiona and Structure of the Ocdaxy. By J. S. Plaskott, 

F.K.S. (Oxford: at the Clarendon Press, 1935. 2a. net.) 
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tions employed, show surprising agreement, and from their results 
the latest model of the galaxy has been constructed. Its main 
featiue is a great flattened disc of stars, irregularly distributed in 
groups or clusters, but maintained in its general shape by rotation. 
Approximately circular in outline, its diameter is nearly 100,000 
light years, at which limit the star density decreases rapidly. Diffuse 
absorbing material, equal in total mass to that of the stars, is con¬ 
centrated towards the central plane. The globular clusters have a 
spherical distribution with an effective diameter equal to that of 
the disc of stars, and move in orbits of high eccentricity and inclina¬ 
tion. The total mass is estimated as 16-6 x 10*® that of the sun. 

Side by side with this decrease in the size of the model of the 
galaxy, estimates of the dimensions of the Andromeda Nebula have 
been growing, and its diameter is now accepted as at least two-thirds 
of that of our own system. Disparity in size is therefore no longer 
an argument against similarity in structure in addition to similarity 
in constitution, rotation, and surface brightness, and a spiral form 
for our galaxy, if not yet proved by observation, can be reasonably 
inferred by analogy. Our system is now regarded as an insignificant 
unit among a countless host of similar structures which make up 
the universe. 

Food Investigation (E. J. S.) 

The report of the Food Investigation Board for 1934 (H.M. 
Stationery Office, 4tf. net) contains a number of items of general and 
scientific interest. Amongst these may be mentioned the successful 
experimental shipments of chilled beef from New Zealand stored in 
air enriched with carbon dioxide. This method enables the chilled 
beef to be stored from 60 to 70 days. Though a number of practical 
details regarding the application of the method remain to be worked 
out, its efficiency is no longer in doubt. 

With regard to fruit storage, the value of iodised paper as a 
wrapping has been demonstrated. This method delays the develop¬ 
ment of fungi which cause rotting by considerably retarding the 
growth of the germ tubes. It can be employed, without impairing 
the flavour, for grapes and other fruits, but as yet the method is 
unsatisfactory with peaches and some varieties of plum. 

The popular belief, that an apple when peeled is less wholesome 
than if eaten with the skin on, is well known. It has now been 
found that there is some scientifio justification for this belief, since 
the concentration of vitamin C in an apple increases as the skin is 
approached and is six times as great in the X)eel as in the region of 
the core. In the variety “ Bramley’s Seedling ” it has, moreover, 
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been found that the rosy apples had more than twice the vitamin 
potency of those with green skins. Canning appears not to impair 
the vitamin activity to any appreciable degree and successful results 
have been obtained in the addition of synthetic vitamin C to tinned 
products such as spinach and runner beans which do not naturally 
contain it. 

Investigations on the storage of eggs have included a study of 
the yolk membrane, which has an average thickness of about 
64/100000 in. The strength of this membrane, which is an im¬ 
portant factor in relation both to keeping quality and cooking 
value, diminishes with keeping and breaks readily when it has fallen 
to about half its normal strength (-065 lb. per sq. inch). The 
alkalinity of the white of the egg rises with age, but this change can 
be checked and the reaction maintained at the same level by storage 
in air enriched with carbon dioxide. 

There are a number of other items of interest in these pages 
including such a variety of topics as the effect of ozone in checking 
the ripening of green bananas through the volatile products of ripe 
bunches ; the internal humidity of peapods, etc. It is a report that 
will well repay perusal. 

A New Theory of Decay in Wood (A. G. N.) 

The decay of wood and timber has long been ascribed to micro¬ 
biological attack, and the many processes of wood preservation have 
been designed to inhibit the growth of organisms. Recently, how¬ 
ever, a new theory has been put forward by Rudge,* who claims that 
decay under many conditions is not biological, but purely chemical, 
and follows as a result of the infiltration of certain inorganic salts. 
He has investigated samples of decayed wood from piles driven into 
waterlogged soils, fence posts, telegraph posts, timber shuttering 
from concrete work, joists and woodwork in contact with plaster, 
and has shown that in the decayed areas the content of calcium and 
aluminium is much greater than in sound wood. He has further 
put forward the view that calcium in the form of calcium bicarbonate 
is the destructive agent, possibly combining with cellulose to give a 
carbonate compound similar in tjrpe to cellulose xanthate. This 
cellulose-carbonate is then presumed to be readily oxidisable and 
to break down to acids probably of the uronic type. Although 
ingenious, this theory cannot yet be accepted as proven, since no 
satisfactory evidence of a genuine decay under conditions that 
would rule out microbiological activity has been produced. Rudge 
holds that imder waterlogged conditions biological action may be 
» J.S.OJ., 1936, 52, 284T, 447T; 1984, 63, STT, I2ST. 
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deemed to be of a secondary character, negligible or absent entirely, 
a view that no bacteriologist would accept. In any case, the 
autozidation of the h 3 rpothetioal cellulose-carbonate could hardly 
proceed in waterlogged soil, \n which conditions are reducing not 
oxidising. The infiltration of salts into wood is to be expected under 
many circumstances of timber usage, but may be entirely independ¬ 
ent of decay. The presence of calcium may even assist microbial 
degeneration by neutralising acidic products of fermentation. 

In an endeavour to show that calcium bicarbonate may effect 
changes in the composition of wood, experiments were carried out 
in which moist wood was heated at 65° C. with calcium carbonate in 
an atmosphere of carbon dioxide for periods up to three weeks.* 
Analyses showed certain obscure changes, but nothing typical of 
decay that could not also be explained by the prolonged action of 
water at that temperature. Until direct evidence is produced of 
the deca 5 dng action of inorganic salts on wood at ordinary tempera¬ 
tures and under conditions that preclude the concomitant growth 
of micro-organisms, the “ calcium infiltration ” h}rpothe8is cannot 
be put beside the well-established biological theories of wood decay. 


Annual Report of the Calcutta School of Tropical Medicine and 
the Carmichael Hospital for Tropical Diseases for 1934 
(P. J.)* 

The account of a year’s work carried out in this Institute con¬ 
tinues the story and shows the same standard of excellence expressed 
in the report of the previous year. Cholera research is continued by 
further study of vibrios and types of choleraphage and vibriophage, 
of which there are now 12 and 16 types respectively. At present 
the work indicates that the variability in the vibrio is intimately 
connected with the behaviour of the bacteriophage. Attempts to 
obtain cholera toxin have yielded encouragmg results; when the 
nature of this toxin is defi^tely established and an antitoxin has 
been prepared we shall possess the only specific treatment of the 
disease. Bacteriophage damages the causative organism but cannot 
neutralise the poisons elaborated by the vibrios. Cholera antitoxin 
combined with bacteriophage “ would constitute the ideal method of 
treatment of cholera.” It seems that the value of bacteriophage 
alone, if any, is very limited in the treatment of the disease. Dming 
the year 400 strains of vibrios from different sources have been 
studied. The haemolytic property of a strain is extremely variable 


W.S.OJ., 198S, 64, 802T. 

* Bengal Government Freas, Alipore, Bengal, 1986. 
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and disappears under laboratory conditions. There is no correlation 
between hsemolytic property and toxicity. 

Further studies were made of the bionomics of PhMxdonvtu 
argentipes ; infected sand flies were fed on hamsters and confirmed 
the evidence that Leishmannia Donovani is transmitted by this 
species of fly. The breeding sites of these insects vary with the 
season ; the positive findings in samples of soil (2 lb. biscuit tinfuls) 
are less than 60 per cent., and entail much labour. Antilarval 
measures include clearing of undergrowth from the vicinity of houses, 
repair to walls of sheds and living-rooms, and spraying breeding 
sites with a mixture of equal parts of crude oil and kerosene ; but 
the results are not very satisfactory because probably there are 
other as yet unknown breeding sites. Attempts were made to 
determine the duration of life of these midges in nature ; numbers 
of flies were marked either by dusting with fine powdered fluoresoin 
or by pimcturing one of the wing membranes and liberating them 
in various living-rooms and sheds. The results were not very 
profitable as so many were preyed on by lizards and spiders. The 
mechanism of infection is still to be explained ; attempts to do this 
were made on dogs in which resistance was lowered by heavy 
hook-worm infection, and also on mice infected with B. Oaertner 
enteriditis, but so far with negative results. 

Especial research has been directed to “ Epidemic Dropsy,” a 
disease responsible for much incapacity and heavy death rate in 
Bengal and Bihar during the last two or three decades. Preliminary 
bacteriological tests suggested that the disease is due to intoxicb.tion 
with Gram positive spore-bearing anaerobic bacilli which were isolated 
in large numbers from the stools of patients and also from parboiled 
and badly stored rice ; and it was thought that infection was due to 
the eating of such infected rice. Blood cultures and urine were 
always sterile ; many hundreds of organisms were isolated from fresh 
and from heated specimens from stools, after aerobic and anaerobic 
culture. In four cases homologous agglutination was observed with 
Gram positive spore-bearing bacilli isolated from stools. Reluctance 
was felt in placing confidence in these agglutination results lest a 
deposition or sedimentation of the spores or of the organisms be 
interpreted as agglutination. 

The epidemic has not subsided in spite of the use of newly 
harvested and recently husked rice. Examination of this fresh rice 
showed that it was as badly infected as the stored rice. The 
epidemic is said to be imported from a neighbouring village by some 
one suffering from severe diarrhoea and swelling of the feet; The 
investigation is proceeding. 



KOTBS 


525 


Spaoe doeB not allow detailed reference to the many interesting 
problems with which this research institute is concerned. For 
workers in tropical disease this report is full of great interest and 
essential information. We congratulate the directors and staff on 
the excellence of the year’s work. 

Miscellanea 

H.M. the King has approved the award of Royal Medals by the 
President and Council of the Royal Society to Prof. C. G. Darwin 
for his researches in mathematical ph 3 rsios and to Dr. Harker for 
his work in petrology. The President and Council have also made 
the following awards : Copley Medal to Prof. C. T. R. Wilson; 
Davy Medal to Prof. A. Harden and Hughes Medal to Dr. C. J. 
Davisson. 

The Nobel prize for Physics for 1936 has been awarded to 
Prof. J. Chadwick and the Chemistry prize to M. and Mme. Joliot- 
Curie. 

Sir Josiah Stamp has been elected President of the British 
Association for the year 1936. Mr. F. T. Brooks and Dr. A. H. 
Ferguson have been appointed General Secretaries in succession to 
Prof. P. G. H. Boswell (who becomes Treasurer) and Prof. F. J. M. 
Stratton (retired). 

Prof. D’Arcy Wentworth Thompson has been elected President 
of the Royal Society of Edinburgh. 

The Lord President of the Council of the Department of Scientific 
and Industrial Research has appointed Dr. W. H. Mills, Sc.D.,P.R.S., 
the Rt. Hon. Lord Riverdale, K.B.E., Prof. A. Robertson, D.Sc., 
and Mr. H. B. Shackleton to be members of the Advisory Council 
to the Committee of the Privy Council for Scientific and Industrial 
Research. Dr. E. J. Butler, C.M.G., C.I.E., D.Sc., M.B., F.R.S., 
Sir Kenneth Lee, LL.D., and Prof. N. V. Sidgwick, C.B.E., Sc.D., 
F.R.S., have retired from the Council on the completion of their 
terms of office. 

The Earl of Donoughmore has been appointed Chairman of the 
new National Radium Commission. The Joint Secretaries are 
Dr. O. W. C. Kaye and Mr. G. F. Stebbmg. 

Dr. E. Maitland Wright has been appointed to succeed the late 
Prof. H. M. Macdonald as Professor of Mathematics in the University 
of Aberdeen. 

We have noted with regret the announcement of the death of 
following workers in science during the past quarter; Prof. 
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Carl Barns, of Brown University, U.8.A., physicist; Prof. Henry 
Briggs, Head of the Department of Mining, Heriot Watt College ; 
Prof. Max Cremer, physiologist, of Berlin; Dr. H. W. Dudley, 
F.R.S., of the National Institute of Medical Research, biochemist; 
Dr. Rhoda Erdmann, of Berlin, cytologist; Mr. E. G. Hooper, 
chemist; Dr. Walter Hough, of the U.S. National Museum ; Dr. 
C. P. Marbut, chief of the U.S.A. ^il Survey ; Sir John McLennan, 
K.B.E., physicist; Dr. F. C. Shrubsall, sometime Secretary and 
President of Section H of the British Association ; Mr. A. Thorbum, 
ornithologist; Mr. E. Thurston, C.I.E., anthropologist. 

The International Committee of Weights and Measures at a 
meeting in Paris resolved that the present “ International ” system 
of electrical units shall be replaced by the “ Absolute ” (practical) 
system on and after January 1, 1940. The change will affect pre¬ 
cision measurements only since, at the most, it does not exceed 
1 part in 2,000. It is hoped that the ratio between the units in the 
two systems will have been determined to within 1 or 2 parts in 
100,000 before the change is made. 

In a letter to Nature (October 26), KellstrOm states that he has 
made a new determination of the viscosity of air with a view to 
checking the reality of the difference between the value of c as found 
by Millikan using the oil-drop method and the “ X-ray value.” He 
finds the viscosity {ri) at 23° C. to be (1834-8 ± 3-0) x 10~’ while 
Millikan obtained (1822-6 ± 1-2) x lO"’'. The calculation of the 
value of e involves so that KellstrOm’s result raises Millikan’s 
value e = 4-770 x 10“^® e.s.u. to 4-818 ± 0-012 in agreement with 
the X-ray value. A dull ending indeed to an intriguing problem 
if the new result for ri is established. 

BulletinNo.2 of the International Tin Research and Development 
Council (Free, Manfield House, 378, Strand, W.C.2) contains much 
interesting information concerning the use of solder. It appears 
that modem plumbers’ solder has practically the same composition 
(1 part tin, 2 parts lead) as the alloy “ tertiarium ” described by 
Pliny and used for soldering lead work in ancient Rome. Another 
alloy, ” argentarium,” described by Pliny, containing equal parts of 
tin and lead, is still widely used for many purposes. In 1938 no 
less than 18,000 tons of tin were used for the manufacture of solder, 
of which 6,000 tons were used by the motor-car industry and 
4,600 tons in the canning and box-making industnes. A car radiator 
of average size may consume seven or eight pounds of solder and 
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solder is often used to build up detaUs of the oontour of a stream¬ 
lined body. 

The BuUeiin describes many soldering operations, both in the 
small workshop and in the large-scale plant. One, in particular, 
may be mentioned here,—the soldering of glass or porcelain on to 
metal. To effect this a glaze containing a high content of platinum 
and gold is fired on to the surface, e.g. of the glass, in an oxidising 
atmosphere. The metal part, tinned with tinman’s solder, is 
then fitted to the glazed surface and the whole is fired again at a 
temperature rather below the melting point of tin. 

Imperfect bearing produced by defects in the middle ear may 
often 1 m assisted best by transmitting the “sound ’’ through the bones 
of the skull from a bone-conduction receiver connected to an amplifier 
type of audiphone. A receiver of this type, developed by the 
Western Electric Co., is described in the Bell Ledwratories Record 
for August 19.36. It consists of a relatively heavy electro-magnet 
and an armature to which is riveted a light phenol-plastic diaphragm 
curved to fit against the mastoid bone. The whole receiver weighs 
only half an ounce, the overall dimensions being IJ* x |* x 
This type of receiver has the advantage that it does not impede 
sound entering the ear by the natural route and, being quite noise¬ 
less, is peculiarly suitable as an aid to hearing in an auditorium 
where the faint clicking in an air-conduction receiver may be a 
source of irritation to near-by listeners. 

A brief account of the Empire Film Library is given in the 
BvUetin of the Imperial Institute for July last. (John Murray, 3s. 6d.) 
The library has been organised in commemoration of the Silver 
Jubilee and is based on the films originally included in the Empire 
Marketing Board Library. It will include a large number of films 
sponsored by the Government of the Dominion of Canada which 
has been the pioneer in recognising the vital importance of films 
to a fuller understanding of present-day life in the Empire. The 
films are lent to schools and other approved bodies without other 
charge than the cost of carriage to and from the Institute. It is 
hoped that the Library will “ become a centre for the coUection of 
fihns which will reveal the life, scenery and industries of the overseas 
Empire to the general public and particularly to the rising generation 
in the British Isles.’’ 

The Association of Special libraries and Information Bureaux 
(A.S.L.I.B.) has commenced publication of a quarterly book-list 
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oontaining recommendations of recently published scientific and 
technical books for the use of public and other libraries. The Editing 
Committee has secured the help of individuals and specialist organisa¬ 
tions who are, for their own purposes, making as complete a survey 
as possible of the literature of their own branches of science and 
technology written in the English language, and who are able to 
assess the relative merits of new publications and thus select those 
which should be brought to the attention of librarians. The books 
are assembled imder broad subject headings and, within these 
headings, are further sub-divided as (a) books suitable for general 
readers, (6) books suitable as text-books, (c) books of an advanced or 
specially technical character, (d) Encyclopaedias, Year Books, Hand¬ 
books, etc. 

The first issue, dated October 1936, comprises some 200 odd 
books, but the subject headings do not include such important 
subjects as astronomy, biochemistry, geography, history of science, 
mathematics and physiology. We can, however, join the editors 
in the hope that the range of subjects will gradually be extended, 
for there can be no doubt as to the usefulness of a select list of this 
kind. The price to non-members of the Association is rather high— 
10«. 6d. per annum. The address is 16, Russell Square, W.C.L 

From time to time the National Physical Laboratory collects 
together papers describing the most important researches that it' 
has carried out, and reprints them imder the title of Collected 
Researches. In the earlier days of the Laboratory each volume 
contained papers from several Departments, but about ten' years 
ago it was decided to publish the researches of one department 
at a time. Volumes dealing with Physics, Electricity and Radio, 
Optics, and Naval Architecture have already been published, and 
a volume of over 400 pages, oontaining the more important papers 
emanating from the Metallurgy Department in recent years, has 
just appeared. (National Physical Laboratory Collected Researches, 
Vol. 25. H.M. Stationery Office, 268. net.) 

The equilibrium diagram of an alloy system represents the 
phases which exist in the system at any composition and any 
temperature (provided the aUoy is in equilibrium). It also in¬ 
dicates the phases which are likely to be obtained on quenching 
any alloy in the system from any temperature. Experience has 
also shown that, in a rough degree, certain phases are associated 
with certain mechanical properties. A knowledge of the equilibrium 
diagram is therefore fundamental to a study of the age-hardening 
properties of alloys and, in a lesser degree, to a study of their graieral 
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meohanioal properties. In addition, it is the starting point for 
much of the recent theoretical work on the inner structure of alloys. 
It is thus not surprising to find that, out of the twenty-three papers 
collected in this volume, nine deal directly with the constitution 
of alloy systems, in five of wMch iron is the principal metal. An¬ 
other refers to the technique necessary in determining the constitu¬ 
tion of alloys containing mercury, which have (when they contain 
a considerable excess of mercury) to be polished, etched and 
examined under the microscope at temperatures low enough to 
keep them solid. 

In a large number of cases the metals obtainable commercially 
are not sufficiently pure for the accurate determination of an equili¬ 
brium diagram ; consequently one paper deals with the effect of 
an impurity (nitrogen) on chromium and its alloys, while others 
describe the methods adopted to obtain pure metals. These methods 
differ in different oases ; thus pure silicon has been made by sub¬ 
jecting the commercial metal to chemical treatment, and pur© 
manganese by distilling the commercial variety at about 1,3(X)° C. 
in vacuo. To obtain pure chromium, however, it was necessary 
to employ a carefully controlled electrolysis of an aqueous solution 
of chromic acid. 

Another point of very great importance in the study of metallic 
equilibria, especially when it is necessary to use high temperatures, 
is the choice of suitable refractories for making crucibles, thermo¬ 
couple protection tubing, etc., and one paper in this volume dis¬ 
cusses special refractories for metallurgical research. 

The comparatively recently developed application of X-rays to 
the investigation of alloy systems has not been neglected, and 
while references to its employment are made in many of the papers 
referred to above, there are also three contributions dealing specially 
with this subject. 

Of the remaining papers, one deals with the optical deter¬ 
minations of high metaUurgioal temperatures, describing a new 
determination of the melting point of iron, one with the properties 
of metallic cadmium, and another with the surface tension of 
liquid metals. 


uu 



ESSAY REVIEWS 

NEW PATHWAYS IN SCIENCE. By H. Spknckb Jones, M.A., 
Sc.D., F.R.S., Astronomer Royal. Being a Review of New Pathwa3rfi 
in Science, by Sib Akthuk Eddington, M.A., D.So., LL.D., F.R.S. 
[Pp. X -f 333, with 4 plates.] (Cambridge : at the University Press, 
1936. 10«. 6d. net.) 

Sm Arthur Eddington occupies a unique position as an interpreter 
of modem physical science to the layman. The reason is not far to 
seek. He possesses the rare combination of wide and varied know¬ 
ledge—he has made important contributions to astronomy, relativity 
theory, quantum theory and wave mechanics—^profound vision and 
philosophical insight and the ability to interpret for the layman 
with such charm and grace of style and with such apt and striking 
illustrations that the layman is almost persuaded that he under¬ 
stands. It is, indeed, fortunate that, at a time when new pathways 
in science are being opened up so rapidly, one of the pioneers should 
have been willing to find opportunity to explain what it all means, 
for the benefit of those to whom tensors, matrices, wave operators 
non-commutative algebra must for ever remain a sealed book. It 
is undoubted that The Nature of the Physical World has had a pro¬ 
found influence on our common thought. The appearance, after an 
interval of seven years, of a further book that brings the story 
up to date is an event of some importance. 

Being in the nature of an addendum to Sir Arthur’s earlier 
writings, this book may appear at first sight somewhat disconnected. 
It is based upon the Messenger Lectures, delivered by the author at 
Cornell University in April and May, 1934. These were concerned 
with a variety of topics that had claimed Sir Arthur’s attentions 
during the preceding six years. Thus we have a chapter on the 
philosophical basis of science ; a chapter on the chief results of 
atomic physics ; a chapter on entropy and time’s arrow; two 
chapters on indeterminism ; four chapters on various astronomical 
questions; two chapters dealing with probability and the theory 
of groups; a chapter on the fundamental constants of nature. 
Another chapter is devoted to the discussion of some of the criticisms 
of Sir Arthur’s writings and philosophical outlook by varioufi 
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reviewers and oritios. In this volume, therefore, no attempt has 
been made to provide a systematic introduction to modem scientific 
thought. Those readers who do not possess an adequate scientific 
background would be well advised to defer reading this book until 
after they have read The Nature of the Physical World. 

Yet, despite the apparently disconnected nature of the subjects, 
there is a general continuity of treatment and of thought. How is 
the scientific picture of the world described in physios related to the 
“ familiar story ” in our minds ? What kind of information about 
the Universe does science really give us ? It is emphasised that there 
is a fluidity of representation in that science can only give us informa¬ 
tion about structure, but can tell us nothing about the nature of 
what it is that possesses the structiue. “ The mode of interlocking 
of the operations, not their nature, is responsible for those manifesta¬ 
tions of the external universe which ultimately reach oxir senses.” 

This viewpoint is developed in the first chapter dealing with the 
relationship between science and experience. Our sensory ex¬ 
perience is likened to a cryptogram and the scientist to a Baconian 
enthusiast engaged in deciphering the cryptogram. His task is to 
discover the scheme revealed by the regularities and recurrences in 
his sensory experience; for this purpose much of his sense data 
proves to be redundant. So a mutilated observer is imagined, de¬ 
prived of sense, smell, hearing and touch ; also with one eye and 
all of the retina of the other except one small patch (which is colour 
blind) removed. Such an observer can recognise neither form nor 
extension in the external world ; he can see in only one direction at 
a time ; he can distinguish only light and darkness. But he can 
observe coincidences and so all our knowledge of the external world, 
as conceived by modem physios, can be demonstrated to him. 
When the cryptogram has been deciphered by such an observer it is 
couched in an unknown language. “ It does not, however, follow 
that it is unintelligible to the mind. Perception is only part of our 
mental outfit, and the language of perceiving is only part of the 
language of knowing. Our reading of the cipher of experience 
leads to an understanding of our environment, highly abstract 
indeed and only to be apprehended by the intellect through symbolic 
expression, but nevertheless satisfying to the urge of the human 
spirit in its quest for knowledge.” 

Our general knowledge of atoms, radiation and ssther is next dealt 
with. Starting first with the working conceptions of the experi¬ 
mental physicist, we consider the elementary particles of which 
matter is built up, protons, electrons, positrons and neutrons ; the 
Bohr model of the atom, with satdlite electrons describing orbits 
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around the nucleus and the electrons jumping from one orbit to 
another; and the interaction between atoms and radiation. The 
newer conceptions of wave mechanics are then introduced; each 
electron is now distributed as a sort of probability haze all over the 
atom. Wave mechanics examines the laws of propagation of waves 
through this haze ; where the densest part of the haze is situated is 
where the electron is most likely to be. Wave mechanics has proved 
more successful than the older quantum theory because it attempts 
less. It does not predict precisely where an electron will be at a 
future instant but it does tell us as much about its future position as 
is actually involved in the recurrencies of our sensory experience. 
“ Thus in saying that wave mechanics corresponds to a profounder 
level of conception I do not mean that it takes us closer to the 
objective world behind the phenomenon. I mean that it reveals 
more fully the source of the regularities in our experience, which are 
conditioned as much by our mode of acquaintance with the objective 
world as by the constitution of that world. 

Sir Arthur retains the term “ aether ” to denote something that 
is everywhere, permeating the interstices of the atoms and extending 
as far as and beyond the remotest stars. But he uses it in a sense 
quite different from the sense in which it was used in pre-relativity 
days. If this distinction is borne in mind, it seems to me that there 
is no harm in retaining the word. He remarks that “ Some dis¬ 
tinguished physicists maintain that modern theories no longer 
require an aether—that the aether has been abolished. I think all 
they mean is that, since we never have to do with space and aether 
separately, we can make one word serve for both ; and the word they 
prefer is ‘ space.’ I suppose they consider that the word aether is 
still liable to convey the idea of something material. But equally 
the word space is liable to convey the idea of complete negation. 
At all events they agree with us in employing an army of mathemati¬ 
cal symbols to describe what is going on at any point where the 
SBther is—or, according to them, isn’t. ‘ Wheresoever the carcase 
is, there will the eagles be gathered together,* and where the symbols 
of the mathematical physicist flock, there presumably is some prey 
for them to settle on, which the plain man at least will prefer to call 
by a name suggestive of something more than passive emptiness/’ 
He offers as a compromise the term “ field,” which includes both the 
electromagnetic field and the gravitational or metrical field. This 
term seems to me preferable, because of the difficulty of divorcing 
the term »ther from the old conception of a material jelly. 

The chapter entitled “ The End of the World ” is largely con¬ 
cerned with the question of ” time’s arrow.” ” Is there everywhere 
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and everywhen in the physical universe a signpost with one arm 
marked ‘ To the Future ’ and the other arm ‘ To the Past ’ ? ” 
Sir Arthur admits that for ordinary purposes the signpost is detected 
by consciousness but, setting aside the guidance of consciousness, 
he seeks to discover the signpost in the physical world itself. His 
answer is that if we take an isolated system and measure its entropy 
at two instants, the instant which corresponds to the greater entropy 
is the later. This seems to me to be arguing in a circle ; that the 
entropy of an isolated system increases with the time is a law that is 
based upon experience; numerous experiments have shown that 
the entropy is always greater at the later instant. But how do we 
determine the later instant ? Surely by our consciousness. Our 
experience is relative to the background of the existing universe. 
According to the relativistic formulation of thermodynamical laws 
by Tolman, it would be possible in a pulsating universe, during a 
period of contraction, to have decrease of entropy with time and 
then time’s arrow by Eddington’s criterion would point in the 
wrong direction. But Sir Arthur will have nothing to do with a 
cyclic universe that is continually running down and then rejuvenat¬ 
ing itself. To him this idea is wholly retrograde. “ Must Sisyphus 
for ever roll his stone up the hill only for it to roll down again every 
time it approaches the top ? That was a description of Hell.” So 
his picture of the end of the Universe is what is commonly described 
as the heat-death of the Universe—the final state when disorganisa¬ 
tion has reached its maximum value. ” When the final heat- 
death overtakes the universe, time will extend on and on, presumably 
to infinity, but there will be no definable sense in which it can be said 
to go on." Cbnsoiousness must have disappeared before this stage is 
reached and there is no longer any increase in entropy possible, to 
serve as an arrow for time. Gk>ing backwards in the other direction 
we find more and more organisation until we get back to a time when 
there was the maximum possible organisation. This we must term 
the beginning of the world, because to go back further is impossible. 
Sir Arthm: admits that this conception is not entirely satisfactory but 
he can see no escape from the dilemma. 

Indeterminism looms large in modern physios and there has been 
much controversy as to whether this has any effect on the law of 
causality in nature. Sir Arthur devotes two chapters to the con¬ 
sideration of this matter. If we suppose that we ^ow all that can 
be known about an electron at the present instant, then under the 
most favourable oiroumstanoes we cannot predict its position one 
second later closer than within about 1 inches. Whenever we deal 
with the minute constituents of matter, we find this indeterminacy 
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ooming in. The more accurately we fix the position of an electron, 
the less accurately we can fix its relooity and conversely; this 
combination of uncertainty is embodied in the present picture of an 
electron as a packet of waves. The classical laws of physios are 
statistical laws ; when we consider the average of a large number of 
individuals, the probability becomes so high that we approach 
absolute certainty. And so these statistical laws came to be mis¬ 
taken for causal laws. Sir Arthur quotes from Laplace : 

“ We ought then to regard the present state of the universe as 
the effect of its antecedent state and the cause of the state that is 
to foUow. An intelligence who for a given instant should be 
acquainted with all the forces by which Nature is animated and with 
the several positions of the entities composing it, if further liis 
intellect were vast enough to submit those data to analysis, would 
include in one and the same formula the movements of the largest 
bodies in the universe and those of the lightest atom. Nothing 
would be uncertain for him ; the future as well as the past would 
be present to his eyes.” 

As Sir Arthur points out, Laplace makes the proviso that the 
super-intelligence must be acquainted Muth all the conditions pre¬ 
vailing at a given instant. If this is intended to include all that 
might be inferred by retrospective inference from what actually 
will happen in the future, he is using the future to predict the 
future. Moreover he is imagined to include the movements of all 
bodies in “ one and the same formula.” “ But to include them 
in a formula is not necessarily the same as to know them. . An 
algebraic symbol may stand for a known or an unknown quantity. 
So when we have a formula which professes to give exactly the 
future position of an object, the question arises whether it is given 
in terms of known or of unknown symbols. Heisenberg’s principle 
teUs us that just half of the symbols represent hnowable quantities and 
the other half represent, unknowable quantities. The unknowable 
quantities correspond to retrospective characters. By inverting 
such characters we make the future appear determinate ; but they do 
not actually predetermine the future because they are themselves 
indeterminate until the future events have taken place.” 

The chapter on probability emphasises that probability is always 
relative to knowledge, actual or presumed. This is too frequently 
overlooked, particularly in questions involving inverse probability. 
Probability plays so important a r61o in modem physios that it is weJl 
that the meaning of the term should be discussed and our minds freed 
fix>m preconceived notions. The distinction between wave wieehanies 
and classical mechanics is very well summarised in this passage: 
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“ Broadly gpeaking wave meohanios pictures a imiverse whose 
substance is probability, whereas classical mechanics pictures a 
universe whose substance is mass, energy, momentum, electric and 
magnetic force, etc. In wave mechanics we examine the way the 
probability moves about and redistributes itself; in ordinary 
mechanics we find the way mass, momentum and electromagnetic 
field move or are propagated. In the former the waves, which give 
the subject its name, are waves of probability; in the latter we 
treat sound waves, electromagnetic waves and gravitational waves. 
For brevity these may be contrasted as a universe of probability 
and a universe of entities. They are, however, both aspects of the 
same universe whose description involves both probabilities and 
entities. The difference in point of view is that in the first we attach 
entities (electrons, protons, photons) to the probabilities which we 
study—only from the nature of the entities treated in classical 
physios the attached probabilities are all practical certainties. In 
macroscopic physics the variety lies in the entities—greater or lesser 
masses, greater or lesser field strength—the probabilities being 
all similar units; in mioroscopio physios the position is inverted 
and the variety lies in the probabilities, the entities generally 
being all similar units, e.g. electrons. It is therefore found to be 
more businesslike and practical to contemplate a distribution of 
probabilities; and the entities attached to them tend rather to 
drop out of sight in our calculations and deductions.” 

The four chapters devoted to astronomical subjects give a very 
clear account of those fields of investigation with which Sir Arthur 
has himself been closely identified. The chapter on the constitution 
of the stars is the best summary of the subject that I have seen. 
Most of the work that is here summarised is now several years old. 
The one important recent contribution is the recognition that 
hydrogen is very abundant in the stars ; most of the stars appear to 
contain about one-third part by weight of hydrogen. It is pointed 
out that this result, though apparently well-estabUshed, is subject 
to the reservation that the stars do not contain a significant amotmt 
of neutron. If this wore the case, the material of the star would 
bo a very good conductor of heat. The high hydrogen content of 
the stars has been accepted because in no other way does it seem 
possible to dam back the sstherial heat; this conclusion is necessarily 
invalidated if there is a sufficient neutron content to allow the 
material heat to leak out. The possible saving circumstance is 
that any neutrons evolved in the star are likely quickly to enter 
atomic nuclei and therefore to have a very short free existence. 

The chapter on subatomio energy discusses the question of the 
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Boiiroe of the energy that the stars radiate. Two possible souroes 
have been pictured—the mutual annihilation of a proton and an 
electron, leaving merely a pulse of energy, and the building up of 
more complex atoms out of the hydrogen atoms. The second 
process can at the most only furnish about one per cent, of the 
energy that can be famished by the first process. We may with 
some confidence assert that the second process must occur ; the 
complex atoms have been formed somehow or other and what mode 
of formation is more likely than by building up from the simplest 
atoms and in what place is it more likely that this can occur than 
in the interior of a star ? The laboratory experiments on artificial 
transmutation are not in opposition to this assertion. We have no 
direct evidence that the first process either does or can occur. A 
priori, we should say that the temperature within a star is far too 
low—though of the order of 20 million degrees—for it to occur. 
Accordingly as we do, or do not, suppose annihilation of matter to 
occur within a star, we shall get two widely differing estimates as to 
the possible lifetime of a star. Several lines of evidence have 
seemed to point to the long time^scale that annihilation of matter 
makes possible ; other evidence, and in particular the observed rate 
of expansion of the universe, appears to be irreconcilable with this 
time-scale. It is a matter of the first importance for theories of 
stellar evolution to decide between the two alternative time-scales. 
The balance of opinion in astronomical circles is tending towards 
the shorter time-scale and the abandonment of the annihilation 
hypothesis. This is clearly Sir Arthur’s view : “ I think the time 
has come to consider whether the hypothesis of annihilation of 
electrons and protons might not be allowed to lapse.” He points out 
that the positron and not the proton is the true enantiomorph of the 
electron and that probably the combination of a proton and an 
electron in a neutron is the nearest they can go to cancelling one 
another. His final conclusion is that the present moment, when 
there is a rush of new discovery only half digested, is not the best 
time for making up our minds whether the hypothesis of annihilation 
is worth preserving. It will be apparent from many passages in 
this book that I have not yet taken the step of retiring it from my 
own thoughts. It is doubtless best to leave the question in abeyance 
for a year or two longer, but it has seemed well to call attention to 
its imminence.” 

The chapter on cosmic clouds and nebulae will interest the 
physicist in that it emphasises some of the advantages that the 
astronomer possesses over the laboratory investigator. The density 
at the centre of a typical nebula, such as the Great Nebula in Orkm, 
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iB ftbout one-millionth of the density in the highest vacuum that can 
be created in the laboratory. The density of the interstellar matter 
is only about one ten-thousandth of that of the matter in the Orion 
nebula. So the astronomer can study the so-called “ forbidden 
lines ” in atomic spectra, which can never be obtained in the labora¬ 
tory. How such an extremely low density of interstellar matter 
can produce strong absorption lines in certain stellar spectra and why 
these lines are due only to calcium and sodium is explained. 

The recession of the spiral nebulae is a well-established observa- 
torial fact. It is this fact that forms the foundation of the concep¬ 
tion of the expansion of space. But the conception involves more 
than the mere expansion of a material system. It involves a closing 
up of space, so that space has a finite volume ; this finite, but un¬ 
bounded, space is supposed to be expanding. The discussion of the 
expansion of space is intimately bound up with the “ cosmioal 
constant,” generally denoted by A. It may be recalled that A was 
introduced into the generalised relativity theory by Einstein in order 
to satisfy the boundary conditions in hie static universe. It was, 
therefore, a purely arbitrary constant. Later it was found that a 
static universe was necessarily in unstable equilibrium and so non- 
static solutions of the equations of relativity theory had to be 
investigated. It has been found that there are mathematically 
possible universes corresponding to positive, negative or zero 
' values of A ; the various solutions can be grouped into three classes, 
which were termed by de Sitter the expanding universe of the first 
type, the expanding universe of the second type and the oscillating 
universe. B^m the purely mathematical point of view, therefore, 
A is an arbitrary, indeterminate constant and all relativity con¬ 
ditions could be satisfied by putting A equal to zero or, in other 
words, omitting it altogether. 

To Sir Arthur Eddington A is something much more fundamental. 
There is, in his view, a contest between two forces; the ordinary 
gravitational attraction tending to make the individual galaxies 
cling together and the cosmioal repulsion—a dispersive force tending 
to make a system expand uniformly—^trying to scatter them. A is a 
measure of this cosmioal repulsion at unit distance. Sir Arthur 
regards the cosmioal constant, equally with the constant of gravita¬ 
tion, as a constant of nature. Therefore he writes : ” The concep¬ 
tion of the expanding universe seems to crown the edifice of physical 
science like a lofty pinnacle. Or perhaps its strange fantwtio 
character suggests that it would be more aptly compared to a 
gargoyle. But for my part X do not look on it either as a pinnacle 
or a gargoyle. I believe that it is one of the main piUara of the* 
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edifice. ” There are many physicists who are not prepared to aooept 
this view. But Sir Arthur, in his investigations on the constants of 
nature, has done much to make it plausible. A chapter is devoted 
to an account of the general argument upon which these investiga¬ 
tions are based. 

If, as Sir Arthur believes, this work is “ on the main route of the 
future development of physics,” it demands serious consideration. 
The investigations themselves are extremely abstruse and there can 
be few who would honestly claim to understand them. The sum¬ 
mary of the general line of argument, given in Chapter XI, is there¬ 
fore the more valuable. Sir Arthur starts with what he terms the 
seven primitive constants of physics : the charge and mass of an 
electron, the mass of a proton, Planck’s constant, the velocity of 
light, the constant of gravitation and the cosmioal constant. These 
can be replaced, by suitable combination, by seven others, of which 
three are respectively a length, a time and a mass, and four are 
dimensionless quantities. These four can be regarded in the truest 
sense as constants of nature. They are : (1) the mass-ratio of the 
proton and electron ; (2) the fine-structure constant; (3) the ratio 
of the electrical force between the proton and electron to the gravita¬ 
tional attraction between them ; (4) the ratio of the natural radius of 
oiirvature of space-time to the wavelength of a mean SohrOdii^r 
wave. The question arises whether these are what may be termed 
ultimate constants or whether some or all of them can be dispensed 
with. 

Sir Arthur’s answer to this question is that there is at most one 
arbitrary constant, viz. the large number that is the basis of both 
(3) and (4), which is identified as the square root of N, N denoting 
the total number of particles in the universe. We can only indicate 
very briefly and incompletely the outline of the argument. The 
interaction between two electrons is treated in classical physics as 
a difference in the behaviour of one particle due to the presence of 
the other. In quantum theory it is treated as a difference in the 
probabh behaviour of one particle, arising from the presence of the 
other. The actual probability is expressed as the product of an 
a priori probability and a modifying factor. The change of actual 
probability due to the presence of the second electron can be 
incorporated either in the initial probability or in the modifying 
factor. The two procedures “ are often mixed incongruously. 
When a few particles are considered, the interaction is described by 
the constant forces of repulsion or attraction and is then incor¬ 
porated in the modifying factor. When many particles con¬ 
sidered, we used Fermi-l>irao statistics and the interaction is in- 
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oorporated in the initial probability distribution. Sometimes—for 
greater security—it seems to get put in both ways t ” Thus a subject 
that is really one is arbitrarily divided into two. By developing this 
line of thought appUed to a system of two particles and investigating 
the way in which the probabilities connected with the system are 
affected by the fact that it is impossible to distinguish one particle 
from the other (this conception forming the basis of the Fermi* 
Dirac statistics) an evaluation of the iine-structure constant is 
obtained. 

The next stage, leading to the evaluation of the ratio of the 
masses of the electron and the proton, is more involved. The basis 
of the argument is that in passing from a macroscopic mass to a 
microscopic mass, as, for example, in the determination of the mass 
of the electron, there must be some connecting link between quantum 
theory and relativity theory. “ In wave mechanics the mass of the 
electron is defined to be a certain characteristic of the simple wave 
function of the electron alone. When a so-called experimental 
determination of the mass has been made, it is assumed to give the 
value of this characteristic. ... On the other hand, the experiment 
can only determine characteristics of the double wave function of an 
electron and a standard macroscopic mass. At some point therefore 
the theorist has inadvertently telescoped a double into a simple 
wave function, and we nowhere find any consideration of what is 
involved in this jump. ... It remains to inquire under what 
circumstances the jump can be made without ill consequences. We 
find that there are just two values of the mass for which the simple 
wave function will give the same observable results as the double 
wave function would have done ; so that by introducing this jump 
the physicist (to hide his misconduct) is forced to assign to his 
ultimate particles one or other of these two masses. . . . Conse¬ 
quently he regards these masses as the only ones which can 
properly be separated off and treated as having an independent 
existence.” 

These two masses are identified as those of the proton and 
electron. Each is determined in terms of a unit fUg and the ratio 
agrees closely with the experimentally determined constant (1). 
The unit, m«, is interpreted from a certain point of view as the mass 
of the universe. It is regarded as the small irreducible mass (or 
energy) that by the Uncertainty Principle is associated with any 
particle in curved space. This is connected, through Heisenberg’s 
principle, with an rmoertainty of position, and explained as the 
tmcertainty of position of the origin of reference of all the particles 
in the universe. This leads to a value for R/\/N, where R is the^ 
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radius of space. Since relativity theory gives a value of R/N, both 
R and N can be separately determined. 

The argument does not seem quite watertight though it must be 
admitted that the results are in reasonably good accordance with 
observational results. That such a unification should be found 
possible must be looked upon as one of the greatest advances in 
physics of recent years. Sir Arthur is gifted with extraordinary 
intuition and, difficult though the theory is to comprehend, it must 
not be passed over on that account. 

Within the scope of a review that has extended even to the 
length of the present review, it is possible to touch upon only a few 
of the matters dealt with in this book. I can only hope that the 
readers of this review will have had their interest aroused sufficiently 
to read the book for themselves and that, when they have arrived 
at the end, they will turn again to the beginning and re-read it. For 
it is not possible to absorb all that is in this book in a single reading. 

THE INCALCULABLE ATMOSPHERE. By R. A. Watsom 
Watt, B.Sc., F.Inst.P., M.I.E.E.. National Physical Laboratory, 
Teddington. Being a Review of Physical and Dynamical Metaor* 
ology, by David Beunt, M.A., B.Sc. [Pp. xxii + 411, with 
112 figures.] (Cambridge; at the University Prews, 1984. 25«. 

net), and of A Manual of the Principles of Meteorology, by 
R. Moxtotfoed Dkblby, M.Inst.C.E., M.I.Meoh.E. [Pp. xii + 286, 
with frontispiece and 134 figures, including 3 plates.] (London : Charles 
Griffin & Co., Ltd., 1935. 15«. not.) 

It is the major misfortune of Meteorology to mean all things tq all 
men. To seven million out of the seven-and-a-quarter million 
wireless licence holders it means primarily saying whether we shall 
have rain to-morrow. Six of the seven miUions would be surprised, 
if not indignant, to find no word “ forecast ” or “ forecasting ” in 
the index of either of these substantial volumes, each offered as a 
text-book of meteorology. The surprise, if not the indignation, 
would be legitimate. For the priesthood of meteorology no longer 
expound, from the temple steps above to the patient multitude 
below, the mystery and meaning of their high calling. 

There are those in all priesthoods who, however mildly, resent 
the intrusions of the uninitiate and the apostate. Mr. Deeley, 
bearing high credentials from another realm, may expect some of 
that more generous tolerance that the world at large accords to 
the non-professional expositor, but he cannot escape the sharper 
scrutiny which the professional must turn upon the intruder. With 
all the daring of unchastened enthusiasm he calls his work A 
Manual of the Princi'plea of Meteorology, and offers neither apology 
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nor qualification. The implied claim is a challenge which cannot 
be ignored by the most tolerant or apostate of reviewers. Professor 
Brunt has learnt caution in a stern school; his notably larger 
and fuller work undertakes only to treat of a special and limited 
subject called “ Physical and Djmamical Meteorology.” He tells 
us first what he means by Meteorology, and then what part of it 
he selects for study in this admirable text-book “ for postgraduate 
students ” and “ those engaged in the profession of meteorology.” 

It was in the jubilee year of the Royal Meteorological Society 
that its President commended meteorology because it was so easy ; 
it could be pursued by an intelligent gardener. For Professor 
Brunt “ Meteorology, the science of things in the atmosphere, is 
concerned with the measurement and co-ordination of pressure, 
temperature, density and humidity of the air, and of the motion 
of the air relative to the earth. It seeks to explain the motions 
observed in terms of the changes of pressure, temperature and 
humidity, brought about directly or indirectly by the effects of 
incoming solar radiation.” Professor Brunt’s definition (never a 
word about rain I) would be accepted in toto by Mr. Deeley, yet 
the difference between these two books is profoimd, and is opposite 
in sign to that suggested by their titles. 

These divergencies in view and in treatment are comprehensible. 
They rest on the triple aspects of Meteorology as hobby, as science 
and as art. They rest on the customary division of a science 
into observational, metric, classificatory and analytical branches. 
They rest on the circumstances, peculiar to meteorology, which 
merge recollections from the observational with extrapolations from 
the analytical into the art of forecasting. The dearth of accurate 
popular exposition and explanation would, indeed, matter less in 
any other branch of physics, pure or applied, than in this. For 
in no other does the man in the street, in the field, on the sea, in 
the air, feel the raw material of the science more intimately around 
him, the foundations of the art more deeply rooted in the traditions 
of his race and of his craft, the official preoccupation with the 
science and the art alike more widely advertised by newspaper and 
loud-speaker. And if neither of these books is design^ for the 
man in the street, yet one of them increases the obscurity while 
the other provides a starkly honest picture of the formidable diffi* 
oulties of the forecaster’s art in its approach towards a science. 

It would be the slightest of exaggerations to say that the task of 
ph 3 mioal and dynamical meteorology would be finished when the 
detailed heat balance-sheet of the atmosphere could be written 
down. For the intermediate accounts, between the intake of solar 
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radiation irom sptaoe to the output of earth radiation to space, 
would bring into measurement the whole of the prooesses of weather. 
The merits of Professor Brunt’s book include a full and systematic¬ 
ally arranged treatment of the thermodynamics of the atmosphere 
and of the two most difficult sections of thermal transfer, by radia¬ 
tion and by turbulence. The prime demerit of Mr. Deeley’s book 
is an arbitrary and premature assumption that the accounts will 
refuse to balance at all without the introduction of an unmeasured 
but demonstrably slender credit item, in the form of corpuscular 
bombardment from the sun. When accountancy descends from 
the quantitative to the merely qualitative it may be suggestive but 
it must be suspect. 

Mr. Deeley’s book is unsatisfactory not only because its scope 
falls far short of its title, but because it is discursive, iterative, elliptic 
and uneven. The sole Justification for it, after pruning away the 
redundant and the well-known, is a potential sixty pages on “ Atmo¬ 
spheric Pressures in High Latitudes ” and on “ Sunspots and sources 
of Cyclonic Energy.” To the former the author has obviously 
devoted original thought and hard labour, but he mars his ex¬ 
position at this vital point by an over-compression which would 
have been very welcome elsewhere. To the latter of his main 
subjects he brings a doubtful premise (“ Meteorologists are agreed 
that many climatic and seasonal phenomena are not such as we 
should expect to experience as a result of the operation of known 
physical phenomena ”), an inadequate study of recent literature, 
an absence of documentation by which fact might be discriminated 
from hypothesis, and an absence of quantitative test. The test, 
as Professor Brunt would agree, could not be conclusive, but on 
broad lines it could be attempted now. It was the duty of the 
author to see it attempted or to choose a more modest title. HDis 
book may indeed be recommended to postgraduate students and 
professional meteorologists, but it is unprofitable reading for the 
beginner in search of the principles of meteorology. 

No contrast with other works is needed to give merit to Professor 
Brunt’s book. It is a joy in itself, and it will remain unique and 
invaluable until the happy day when the work of the author and 
his fellow-pioneers in the building up of scientific meteorology have 
made its most valuable chapters obsolete. Beginning, as it should, 
with “ The facts which call for explanation,” it turns at once to 
the physics of the air. The air of the meteorologist is no simple 
oxygen-nitrogen mixture, but a more troublesome fluid in which 
water-vapour is the enemy of simplicity. This water-content re¬ 
moves the air from exact thermodynamic treatment and remoyee 
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it, too, from the tractable “ black body ” or “ transparent ” cate¬ 
gories, through a “ grey-body ” class which lamentably failed to 
express its behaviour, to the “selectively absorbing ’’ class in which it 
has been firmly and fruitfully established by Simpson’s compara¬ 
tively recent and epoch-making fresh attack on radiation problems. 

The dynamical and thermod}mamical behaviour of this intract¬ 
able fluid, the problems of radiation and of turbulence, occupy a 
dozen lucid and stimulating chapters, in which the foreground 
is occupied by partially abstract mathematical physics, in which, 
however, no serious loss of contact with the real world is permitted. 
The later chapters bring the complexities of this real world into the 
foreground, and lead into discussions of the great outstanding prob¬ 
lems of the cyclone and anticyclone, of air-masses and the polar front, 
and of the general circulation of the atmosphere. 

The general reader will expect to find, in a treatise so erudite 
and so careful, some guidance on the present difficulties of the 
forecaster’s art. He may admit that the intelligent gardener and 
his master are meteorologists. He may accept Sir Napier Shaw’s 
official dictum that the Meteorological Office is “an organised 
central storehouse or memory of the experiences of weather for a 
long series of years.’’ He may recognise the claim of physical 
and dynamical meteorology to a place among the nearly exact 
sciences, in its own right as an intellectual discipline. He may 
be sufficiently enlightened, or sufficiently cynical, to recall with 
approval the twelve-year suspension of the public forecasting activi¬ 
ties of the Meteorological Office in the 'seventies. But in the end 
he can scarcely resist the “ ordinary listener’s ’’ questions: “ When 
will the forecasts be more uniformly successful, when will they be 
less guarded, when will they become valid for more than the present 
twenty-four hoiirs—of which several have elapsed before the forecast 
reaches me ? ’’ He will not find, nor will he imprudently attempt 
an answer, but he will find many pointers towards a reasoned 
pessimism in Professor Brunt’s book. “ Theory has so far failed 
to explain the observed phenomena, as for example in dealing 
with the general circulation of the atmosphere and the travelling 
cyclone and anticyclone.’’ (There will be noted here the superficial 
similarity to, the profound dissimilarity from, llfr. Deeley’s premise.) 
”... . the difficidty of applying physical reasoning to a medium 
of variable constitution . . . the paucity of observations in certain 
parts of the globe and in certain types of weather, in the free atmo¬ 
sphere over the oceans, in the polar regions . . . even over the 
oonfdnents direct observation of upper air conditions in cyclonic 
depressions is practically impossible.” “ Great as are the difficulties 
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of accurate observation in meteorology, the difficulties of theoretical 
discussion are even greater. It is not possible to isolate a portion 
of the atmosphere, and to discuss the physical processes which take 
place in that portion, on account of the translation of pressure 
systems and of the variation of wind with height, both of which 
factors make it impossible to specify with certainty what is taking 
place in a given mass of air. It is customary to speak of the atmo¬ 
sphere as a heat engine, working between a source of heat at the 
equator and a source of cold at the poles. The most formidable 
otetacle to progress is ignorance of the laws of transfer of heat 
within this so-called engine.” 

“ We are left with four outstanding problems in connection 
with the distribution of temperature in the free air : 

1. The approximate constancy of the mean lapse-rate at all 

heights in the troposphere and in all latitudes. 

2. The sudden nature of the change at the tropopause. 

3. The approximate constancy of temperature at all heights 

within the lower stratosphere. 

4. The decrease of temperature from pole io equator within 

the stratosphere. 

These problems are discussed . . . but it cannot be said that an 
adequate explanation has yet been given of any of them.” 

‘‘ Neither theory nor experiment is yet sufficiently advanced 
to enable us to say with any certainty what modifications should 
be made [in the laboratory curve for the absorption spectrum of 
water-vapour] to make it strictly applicable to atmospheric con¬ 
ditions.” ... ” Turbulence is a far more effective agent [than 

radiation] in effecting the transfer of heat upward through the 
atmosphere. At very small heights above the surface of the ground, 
turbulence is unable to develop effectively, and the transfer of 
heat is there mainly by radiation. . . . Many efforts have been 
made to study [the resulting] large lapse-rates in detail, but the 
instrumental difficulties are serious. The theoretical difficulties are 
equally serious.” 

” Our lack of knowledge of the physical constants of soils, and, 
in particular, of the precise nature of the effect of a grass covering, 
makes it at present impossible to use the equation ... to fore¬ 
cast night minimum temperatures.” ” The total radiation from a 
column of water-vapour cannot be represented by any simple mathe¬ 
matical expression.” ” A further difficulty lies in the fact that 
the radiation which traverses the atmosphere . , . does not t:^yel 
upward or downward as a parallel beam, but is diffuse. This is 
in practice an almost insuperable difficulty.” ... ” The physical 
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facts cannot be summarised in such a form as to lead to tractable 
mathematical expressions/* “ It cannot be said that any com¬ 
pletely satisfactory theory of the conditions in the stratosphere 
has yet been evolved. ... It remains for observation to show 
whether the temperature at heights of the order of 25 km. in the 
stratosphere really shows an increase from equator to pole/* ‘‘ Why 
the ozone should show this association with depressions is as yet a 
mystery, whose solution may reverse many of the ideas at present 
accepted concerning the dynamics of the atmosphere/* Errors 
will arise in the forecasts of temperature by the above method on 
account of neglected physical processes such as radiation, turbulent 
mixing, vertical motion, which may be accompanied by condensa¬ 
tion of water-vapour or evaporation of water drops falling through 
the air. It is therefore not surprising that the coefficient of corre¬ 
lation between the predicted and observed temperatures should 
come out rather low.*’ “ No satisfactory detailed theory of land 
and sea breezes or of [mountain and valley] winds has been worked 
out.” “ Surface temperatures are notoriously unreliable for tracing 
fronts. Temperatures at say 2000 feet would afford a much more 
satisfactory criterion, but such temperatures are not usually avail¬ 
able. In actual practice the forecaster has to rely very largely 
on indirect evidence.” '' The drawing of fronts on a synoptic 
chart cannot be regarded as a purely impersonal scientific operation 
. . . the drawing of fronts is full of pitfalls for the unwary. . , . 
The differences [among charts, showing fronts, issued for the same 
occasion by different European meteorological services] are astonish¬ 
ing, not merely in the details of the fronts but in their main outline, 
and the forms of isobars based on the same observations frequently 
show wide variations.” '' Observations of upper winds and tem¬ 
peratures have been far less useful to the forecaster than was 
anticipated some fifteen years ago.” 

” It is not possible at present to put forward any satisfactory 
theory of the general circulation, in part because the details of the 
circulation have only been observed very incompletely.” ... ‘‘An 
attempt has been made to summarise the known facts concerning 
depression, anticyclones, and the general circulation. The summary 
is of necessity incomplete, on account of the paucity of certain 
types of observations, particularly in the upper air . . . the diffi¬ 
culties have been largely due to lack of observations of the right 
type. . . . Further progress must depend largely on the intro¬ 
duction of new ideas . . . does not exhaust the problems, many 
of which ore not yet sufficiently advanced to be capable of specific 
statement.” 
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The unworthy aspirant may well be turned sorrowfully away 
by this sombre picture, but the neophyte who has truly heard the 
call will be stimulated to a new ardour. The general reader, the 
ordinary listener, his questions so unhopefully answered by im¬ 
plication, will pose new questions. The Marxist and the indi¬ 
vidualist will draw morals from those inspiring currents of fresh air 
which Brunt draws in from the capitalist-imperialist studies on 
manned flight, and the absence of a substantial profit-motive in 
weather-prophecy. All alike will be moved to call for a new stirvey 
of the heroic measures which are needed for an accelerated advance 
in meteorology. Whether the survey be made by professional 
meteorologists or by a court of representative users, two main 
findings are morally certain. The first is that the day of classi- 
ficatory empiricism is done; that no mere accumulation of long 
experience by the greybeard “ Clerk of the Weather,” so dear to 
the jester and so little likely to be found in the meteorological 
service, will ever again suffice for the needs of a forecast service ; 
that the urgent new meteorology of air navigation must be physical 
and dynamical meteorology. As flying speeds increase, the demand 
for merely rapid and accurate weather reporting may somewhat 
relieve the demand for short-range forecastiixg. But there can be 
few qualified judges who believe that moderate- to long-range fore¬ 
casting wUl ever be successfully achieved unless its practitioners 
are highly qualified physicists with an intuitive and imaginative 
gift for seeing an invisible fluid of variable composition playing 
out its complex role on a three-dimensional stage of vast extent. 
The second finding is that the existing and almost traditional 
methods of observation and reporting are gravely inadequate, and 
in particular that the disappointments of the last fif^n years 
in relation to upper air data rest more on the inadequacy, in close¬ 
ness of network and in vertical sounding height, and on the relative 
staleness in time, of the data obtained than in any weakening 
of the belief that meteorological truth is not to be found at the 
bottom of an atmospheric well. 

THE SOLID STATE OF MATTER. By J. D. Bebnal, M.A., 
Ciystallographic Laboratory, University of Cambridge. Being a Review 
of Vol. II ol Papers and Diecusaiona of the Intamational 
Conference on Physics, London, 1934. [Pp. viii + 188, with 62 
figures.] (London; The Physical Society, 1936. 10*.) 

Vbky wisely, the organisers of the International Conference on 
Physics did not attempt to cover the whole field of the solid state 
of matter. The work of recent years has shown that, in this hithoto 
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intractable field, there are extensive regions for experimental and 
theoretical research: indeed, the nature of the solid has now as 
much right to be considered a branch of physios as has molecular 
ph 3 ^ios or thermodynamics. 

The material in this volume falls into two quite distinct sections. 
The first deals with the deepest aspect of cohesion, the nature of 
the forces holding not only molecules but atoms in crystals to¬ 
gether, as treated by the modem quantum mechanics methods; 
the second, of the types of behaviour of crystals in relation to 
mechanical forces which cannot be explained by any simple atomic 
theory. 

In the first section there appears for the first time in EngUsh 
an account of Professor Huckel’s theoretical investigation of the 
nature of the benzene ring. It is only by considering the ring as 
a whole, and not as separate atoms or links in it, that its properties 
can be attacked by quantum mechanical methods. The n electrons 
of the carbon atoms in their aromatic structures are not bound to 
individual atoms, but spread over the whole ring or complex of 
rings. By finding the possible states for electrons in such a system 
and noting down which of them are occupied, it is possible to show, 
first of all, why a certain type of molecule has what the chemists 
have denoted as an aromatic character, and secondly to give in terms 
of one unknown constant the extra molecular energy associated with 
this character for a very large variety of aromatic compoimds. 
This in itself is a notable achievement. Up till now we may say 
it does, however, only put into precise mathematical terms the 
vague, but useful, intuitions of the chemist, based on a wealth of 
experimental material. But the quantum method does show possi¬ 
bilities of going beyond this. The case of tri-phenyl-methyl can 
only be explained in chemical terms rather weakly by conceptions 
such as steric hindrance. Here it is possible by rigid calculation 
to show that two molecules of tri-phenyl-methyl have in fact a lower 
enei^y than one of hexa-methyl-ethane. 

A new experimental approach to the same problems is shown by 
Br. Robertson’s paper on the measurement, by X-ray Fourier 
analysis, of inter-atomic distances in molecules. The distance 
between atoms in a molecule is proved to be a very sensitive test 
of the kind of linkage involved, and may prove in time, when it is 
possible to give it quantitative memiing, one of the most powerful 
methods of molecular analysis. 

Professor Hund considers the more general question from the 
quantum mechanical point of view of why it is that certain sub¬ 
stances are metals, others insulating solids, and others again gases. 
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By means of an extremely simple model he is able to demonstrate 
that this depends to a large extent on how many electrons there are 
to fill the outermost layer of the atom. If the number is small, 
the electrons can change their places, and a metal results : if the 
number is too large, all places are occupied and a rare gas lattice 
results ; but if the places are half filled, only the stable binding 
states are filled, while the unstable remain unfilled, and an insulating 
crystal like diamond results. We are here plainly approaching the 
fundamental ideas at the back of crystal chemistry. We shall soon 
be able to calculate instead of only finding intuitively what kind 
of substance any combination of atoms is likely to produce. 

The second part of the Conference was devoted to the real crystal 
and no longer to the ideal crystal of the crystallographers. Here 
were gathered together for the first time representatives of nearly 
all the schools of thought in this diflScult and controversial subject, 
and the result, although not bringing any new material to light, 
certainly served to give a much more comprehensive and clear 
picture of the present state of the subject than heretofore available. 
The two chief topics were, first, the existence or non-existence of 
a spontaneous secondary structure in crystals, that is, of some 
regular or quasi-regular structure a hundred to a thousand times 
the size of the lattice structure of the crystal. A large number of 
phenomena in the nature of surface markings, evidences for lamelhe, 
etc., go to support this view, of which the chief protagonists are 
Zwicky and Goetz. Other observers do not deny the existence of 
a structure, but consider it an accidental property connected with 
the mode in which the crystal was grown. This view was ably 
supported by Ewald and Benninger, who have shown that rook salt, 
usually considered the typical mosaic crystal, can in fact easily be 
prepared in an almost ideally perfect state. Whatever the real 
nature of these crystal imperfections, their importance for the 
mechanical properties of crystals is very great. The two pro¬ 
tagonists in this field. Professor Smekal and Joff(6, however much 
they may disagree with each other, both attribute the actual plastic 
breakdown of crystals to the existence of such flaws. A particularly 
valuable contribution to this discussion was given by Dr. Orowan, 
who has been able to show that cracks very much smaller than those 
demanded by the original Griffiths theory are sufficient to cause all 
the observed phenomena of breakdown. 

The actual mechanism of plastic breakdown in crystals, par¬ 
ticularly metals, occupied the second part of this section. Dr. 
Burgers and Professor Schmidt produced a very interesting new 
experimental material, but we are still very far from having reached 
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any ftmdamental explanation of plastic deformation. The theory 
of G. I. Taylor, combined with the experimental results of Stepanov, 
suggest that the mechanism of plastic deformation may be of a 
double natiure, of which only the first stage follows the classical 
picture of slipping of a layer of atoms over each other, whereas the 
actual macroscopic change must be considered in some sense 
analogous to an electrical breakdown, in which the heat liberated 
is sufiicient to break up the crystal structure over a considerable 
distance from the position of the slip plane. 

On the whole, the discussion will have served its purpose if it 
has focussed attention on these fascinating, if still obscure problems. 
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The DiflereBtial Calculus. By Thbodobb Chaundy, Student and 
Tutor of Christ Church, Oxford. [Pp. xiv + 460, with 7 figures.] 
(Oxford : at the Clarendon Press; London ; Humpluey Milford, 
1936. 36«. net.) 

Nbw books on the Calculus are plentiful, and are generally much like each 
other ; but this one is quite out of the common : both in plan and in execution 
its author has broken away from tradition and produced a work of remarkable 
interest and novelty. 

Its theme is the Differential Calculus—not the Differential and Integral 
Calculus, as is more usual: and even the Differential Calculus is pruned 
of many developments which are normally given with it, such as applications 
to geometry and mechanics. Surely this must be the first text-book on the 
subject in which there is no mention of acceleration or of curvature ! 

Lecturei’s on the Calculus will find Mr. Chaundy’s book a rich mine of 
unfamiliar results, now methods of proof, and fresh types of examples ; and 
ideas taken from it will be infiised into all future treatises, so that its publica- 
tion will mark an epoch in the teaching of the subject. 

At the some time, we must frankly say that it does not seem likely to 
come into use as a text-book; very few students can afford to pay 36tf. 
for thoir manual of Differential Calculus, and its great length, its exclusion 
of applications to the other mathematical sciences, and the absence of solu¬ 
tions to the examples, will all tell against it. Moreover, it is not written with 
a careful avoidance of obscurities and a watch for possible difficulties. Thus 
near the beginning of the book, after introducing irrational munbers, it 
continues: “ The system of number thus far extended constitutes the system 
of real number. It provides an arithmetical equivalent for every point of a 
straight line.” Tlie reader is left in doubt as to whether the assertion in the 
last sentence is presented as an obvious deduction from what has gone before, 
or a deduction which is not obvious but of wliich the proof is for some reason 
not given, or whether it is not a deduction at all, but a new axiom regarding 
the nature of geometrical continuity. The last is the true supposition: 
but how is the beginner to know ? 

Yet in spite of some defects of this kind, we welcome the book for its 
freshness and originality and scientific value. 

E. T. Wkittakbb. 
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PHYSICS 

Relativity Pbyeice. By W. H. MoCbea» M.A., B.Sc., Ph.D., F.R,S,E. 
Methuen's Monographs on Physical Subjects. [Pp. viii + 87, with 
8 figures.] (London : Methuen & Co., Ltd., 1935. 28, 6d. net.) 

The purpose of these monographs is to give a r6sufn4 of their subjects from the 
point of view of modem dovelcpments and to provide a connecting link 
between the text-book and original research. They are written especially 
for the research student and for the senior undergraduate who is approaching 
tlie end of a degree course. In addition, they are intended to appeal to a 
wider field of readers not so directly connected with academic life. 

An author of one of the monographs has therefore to face the problem 
of presenting the subject matter concisely, simply and in a way which is 
attractive to a reader who is not a specjialist in the subject. He has also to 
indicate its modem application. 

Judged from the |>oint of view of these objects the volume tmder review 
is to be described as excellent. Its subject is the Special Principle of Rela¬ 
tivity and its opening chapters require the simplest of algebraical manipula¬ 
tions. They are very consistently presented in the spirit of the subject; 
as an illustration we may note the derivation of the formula for mass by a 
method which might well replace some of the hybrid presentations with which 
the student of physics is familiar. 

Later on the reader will require to be familiar with the electromagnetic 
theory of Maxwell, and a few sections will be better understood if he is familiar 
with the Hamiltonian methods of generalised mechanics. These sections 
may, however, be omitted by a reader whoso interest does not lie in this 
dilution. 

The applications to Atomic Physics are very useful and very much to 
the point. 

The volume is to be recommended particularly to students who still have 
examinations to consider and to all those who are attracted to a wider 
knowledge of the Theory of Relativity. 

H. T. F. 

Properties of Matter. By A. E. Goddabd, M.Sc., F.C.S., and H. F. 
BotruNO, M.A., B.Sc. [Part 1 : Pp. viii -f 101, with 57 figures; 
Part 2 : Pp. viii -f 119, with 63 figures. Parts 1 and 2 bound in 
one volume.] (London : Methuen & Co., Ltd., 1934. 49.) 

This surprisingly cheap book consists of two parts. Part 1 is designed 
to cover the ground required by Intermediate examinations, and Part 2 
forms a supplement which raises the standard to that of the pass degree. 
Here, perhaps, tlie authors sometimes fall a little short of the goal; for 
instance, the elementary theory of bent beams is omitted as being ** somewhat 
complicated,” the dynamics of tlie helical spring do not appear even in their 
simplest form, and very little reference is xnade to the common methods of 
measuring surface tension. On the whole, however, the treatment is very 
satisfactory, and a wide range of subjects is brought to the reader’s notice. 
These include Friction and Lubrication, Osmosis and Brownian Motion as well 
as the classical Dynamics, Surface Tension, Viscosity and so on. Throughout 
both parts attention is paid to the methods of setting out and treatment of 
experimental observations, and the straight-line graph appears in several 
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are provided. 

The book has a definite place among those dealing with properties of 
matter, and, no doubt, teachers of pass degree olaeses will recommend it 
to their students as forming an excellent summary of the subjects, rather 
than an amplification of lectures. 

R. C, Bbowk. 


Principles of Mathematical Phyeice. By W. V. Houston. Inter¬ 
national Scries in Physios. [Pp. xii 4- 266, with 3 figures.] (New 

• York and London : McGraw-Hill Publishing Co., Ltd., 1934. 21s, net.) 

This book has been written more particularly as a text-book for students 
attending a course in an American University. The contents correspond 
to the studies of students in this coimtry who are attending an honours degree 
course or are at the post-graduate stage and are engaged on research work 
in Physics. 

The author meets with the difficulty, which is common to teachers every¬ 
where, that it is necessary to teach mathematics to students before they can 
appreciate the principles of physics. Thus we find very much more mathe¬ 
matics than physics in the earlier part of the book. 

Physical principles come a little more into the foreground in the chapter 
on Thermodynamics, but it is a chapter of only twenty pages and is thus 
of necessity very incomplete. This is followed by a sliort chapter on Statistical 
Mechanics, after which wo come to four chapters on Electricity and Mag¬ 
netism and on the Restricted Theory of Relativity. 

More than half the book is devoted to the mathematics applicable to 
mechanics, the author being convinced of the importance of this branch of 
the subject as providing the conceptual basis for physios and as illustrating 
the methods employed in its theoretical aspect. 

The subject of the book is wholly classical, if we include under this title 
the Theory of Relativity. 

It is somewhat difficult to recommend the work to English students as 
a text-book by which we usually understand a treatise dealing thoroughly 
with its subject within a prescribed or accepted scope. The author makes 
no claim to be providing a text-book of this character. The volume belongs 
to the International Series in Physics with its familiar large and well-printed 
type. It could not, therefore, in its 260 pages be very detailed in the wide 
range of its subjects. 

The purpose of the book is to direct a course of study and it is written 
for students who have the advantage of listening to a teacher and with 
opportunities to ask questions. Its use is to keep the student^s attention 
on a precise course and its incompleteness should urge him to seek fbrther 
information or to try to answer for himself the questions which the 
inoompietoness sots him. 

For the reader whose studies are not imder direct control it should serve 
to point out what is known in those subjects and what ho requires to supple* 
ment by reference to more detailed works. 

Many examples are included in the text throughout the book with a view 
to exercising the reader in the principles they illustrate and of rousing in 
the spirit of enquiry. 


T. R 
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lattmatloiial Cdnlwano# on Fhyaioa. Papers and Discussions. 
Vol. I : Nuclear Physios. [Pp. viii 4* 257, with 1 plate and 83 
flgurea.] (London: The Physical Society, 1936. Paper covers, 10a.; 
bound, 12a. 6d. net.) 

Thib subject of nuclear physics is a favourite one for conferences, large and 
small, at the present time. It ^/as the topic of the Solvay Conference in 
October 1933 and, almost exactly a year later, occupied at least half the 
attention of the International Conference on Physics wliich met in London, 
presided over jointly by Professor Millikan and Lord Rayleigh. The report 
of the Solvay Conference was published towards the close of last year ; that 
of the London Conference followed a month or two later. Its first volume 
(Nuclear Physics) is now under review. Prefaced by the address of welcome 
of the president of the Royal Society and an opening survey by Lord Ruther¬ 
ford, its main bulk is made up of papers and discussions grouped under five 
heads. The material so gathered together forms an authoritative exposition 
of the state of development reached by these rapidly expanding branches of 
physics at the time in question. 

First, in a section to itself, and without discussion, is a brief introduction 
to the new ideas upon which Born is at present attempting—rather specu¬ 
latively, maybe—to base a more satisfetetory quantum electrodynamics. 
Tliis will certainly appeal to the theorist. Then follow, in succession, sections 
on natural p decay (3 ]mpers and 5 contributions in discussion), artificial 
radioactivity (2 papers and 4 discussions), disintegration and synthesis of 
nuclei (5 papers and 7 discussions) and cosmic radiation (8 papers and 6 
discussions). Hero is a wealth of information for the specialist—some of it 
hitherto unpublished, and a great deal which will interest the general reader. 
Provided with so much, the latter will surely be more than satisfied ; the 
former, however, may occasionally bo inclined to grumble. Even then his 
criticism will concern omissions rather than anything which is included. It 
is rather a pity that the contributions of Fermi (on artificial radioactivity 
produced by neutron bombardment), of Compton and Bennett (on cosmic 
ray bursts ’*) and of Botha and Paierls, are little more than abstracts of 
papers : together they occupy less space than the longest of the contributions 
in discussion. The task of ^tor to an international conference must indeed 
be a thankless one, and in this case, if Mr. Awbery has failed to extract full- 
length papers from some of his contributors, he has marshalled the rest with 
efficiency—even with tact (the presidential italics are there, as usual)! 
Finally, the Cambridge University Press has produced a very pleasant volume 
and, as was to be expected of them, done ample justice to a series of very 
remarkable photographs. 

N. F. 

Elactrozui (-f and Protons, Photons, Neutrons, and Cosmic 
Ha3rs. By R. A. Muxikak. [Pp. x + 492, with 98 figures.] (Cam¬ 
bridge : at the University Press ; Chicago ; at the University Press, 
1936. 16s. net.) 

In 1917 Prof. Millikan wrote what soon established itself with students both 
in England and America as an extremely popidar account of much of the 
new physics—^his book. The Ekoiron, This was many times reprinted and a 
seoo^ edition was published in 1924. Now it reappears, with a great deal of 
new material under a more comprehensive title. In bulk the book is well- 
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mgh doubled. Tea chapters and eight appendixee zepresmt Th^ Skc^rm 
almost as it was last reprinted; six chapters and two appendixes have been 
added. In this rearremgement the convenience of the publishers seems to 
have been largely studied ; thus there is no niunbering of equations in the 
later chapters, so that those of tlie appendixes retain their original reference 
numbers, and many changes in the text appear somewhat crampeni for 
analogous reasons. (Tlie atomic weights given in Appendix I are the same 
as those of the 1923 impression, although the International value has been 
seriously changed in more than 20 cases, and five atomic symbols remain 
unconventional.) But these are small criticisms when the now material 
should chiefly engage our attention. 

After a short chapter on the wave aspect of matter and a longer one 
on the spinning electron, this new material is mainly conoomod with topics 
germane to the general problem of “ cosmic rays ” and, less seriously, with 
certain cases of nuclear transformation involving neutrons and other particles. 
I must report at once that I found some of it disquieting. Whether it will 
appear equally so to the reader who is not actively engaged in the particular 
field of research with which the book deals, I do not know. Tlie danger is 
that it may not. He will certainly admire the splendid illustrations and 
realise that the experiments described—most of them carried out by Prof. 
Millikan, or under his direction—^havo exercised the highest skill and 
ingenuity; it remains to be determined whether or not he will be satisfied 
with the mode of presentation. For myself, frequently, I was disappointed. 
“ Although my purpose is to deal mostly with the researches of which I have 
had most direct and intimate knowledge ... I shall hope to be able to 
give a correct and just review of the preceding work out of which these 
researches grew, as well os of parallel work carried out in other laboratories ” 
—so the author writes (pp. 4, 5). This is one important point at issue; 
in treating of it frequent quotation is preferable to the expression of a 
personal opinion. In this place, however, oven quotations must necessarily 
be limited to a few oases. For example : “ Prior to the night of August 2, 
1932, the fundamental building-stones of the physical world had been uni¬ 
versally supposed to be simply protons and negative electrons (p. 320)— 
this in spite of the fact that Heisenberg had been working at his theory of tho 
neutron-proton constitution of nuclei tliroughout the summer of that year. 
Likewise, “ Prof. Lauritsen and his collaborators have obtained similar results 
with the use of protons ...” (p. 352)—with no mention here of Cockcroft, 
Gilbert and Walton who first obtained such results. Incidentally, it may be 
pointed out that of the five references cited in support of Lauritsen (p. 354) 
only two have any direct relevance to the point at issue (the first of these 
references is given its correct context on p. 381). One might almost conclude 
that the dates by which research at Pasadena is described are the dates of 
the experiments, those by which outside work is characterised being tho dates 
of publication. Thus (p. 360), “ From . . . 1896 up to January 16, 1934, 
the phenomenon of radioactivity had boesn found to bo beyond the control 
of man. . . . On tho aforementioned date, however, Mme. Irena Curio and 
her husband, M. F. Joliot, read a paper before the French Academy in which 
they showed . . Again, “ Thus far they [i.c. positive electron tracks] 
had appeared only in cosmic-ray photographs taken at the Bridge Labora¬ 
tory. In March, 1933, beautiful confirmatory evidence for the existence of 
positrons . . , was presented by Blackett and Oochialini . . (p. 386)* 

I am not suggesting that Prof. Millikan should have been at any pains to 
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dkoov^r the prior dates of the European experiments, merely that he appears 
to attach to dates in general more importance than might normally be regarded 
as healthy. 

The second point of general criticism has reference more particularly to 
those chapters dealing with the nature of the cosmic rays. It is that, although 
the results of other observers are fairly liberally quoted, the interpretation 
which these authors themselves attach to their experiments is never explicitly 
stated. There is no opportunity for the reader to attempt an individual 
judgment of rival views. It may be that few readers will bring to the book 
any very mature critical faculty which might qualify them to judge ; all the 
more reason, then, that they should be spared equally uncritical writing : 
“ from the known energies freed in the building of the common elements 
out of hydrogen, I had estimated as early as 1928, that the most penetrating 
of the observed cosmic rays had an energy of as much as 500 million electron- 
volts ** (p. 321). All this is unfortunate, since the book might have served 
admirably as a strictly logical exposition of Prof. Millikan^s own views, 
the claim of wliich to seriouB consideration no one would wish in the least to 
deny. 

Perhaps at some future time Prof. Millikan might find opportunity to 
write such on account; then, if it were not determined in form by the needs 
of a popular text, serious students of physics would be certain to find it 
inspiring. 

N. Fkathbb. 

Elactromag^etism. By H. M. Macdonald, M.A., F.R.S. [Pp, 
xvi + 178.] (London : Q. Bell & Sons, Ltd., 1934. 12s. 6d, net.) 

Thb name of the author is a sufficient assurance that this book on Electro¬ 
magnetism is both authoritative and accurate. It presents a consistent 
scheme for the description of electrical phenomena developed from the funda¬ 
mental laws of electromagnetism. It takes the view expressed by Faraday 
that it is important to distinguish between those phenomena which are inde¬ 
pendent of the nature of the material medium and those dependent upon it. 
The laws assumed to be fundamental are those which are independent of 
matter. Assuming that Ampere’s Law relating electric ourrent and mag¬ 
netic force, Faraday’s relating rate of change of magnetic force and the 
electric force and Fresnel’s that the waves are transverse, are of this nature, 
the electrical effects of empty space are treated without reference to the ideas 
of specific inductive capacity and permeability. These are regarded as 
peculiar to material media. In the treatment of such media it is assumed that 
they are represented by an electric and a magnetic current distribution due 
to the motion of electric and magnetic particles. The propagation of 
eleotrioal effects is based on the assumption of the presence of oscillators in 
matter. When a disturbance falls on it without breaking up its steady 
motion, we have the case of propagation in transparent media, and this idea 
of particles with a steady motion tliat can be affected by on incident dis¬ 
turbance is used in the treatment of propagation in conducting media. 

A chapter is devoted to the special problem of the conducting sphere, 
and the longest chapter of the book is given up to the treatment of diffiaction. 

A very useful chapter to those whose interest lies in the application of the 
theory to wireless phenomena is that on radiation and resonance. 

book ends with the treatment of moving media, where an electric 



SCIDKCS) PEOGBKSS 


666 

ohargQ h replaced by a oontinuous distribution, but the solution of the 
equations so obtained are shown to be adaptable to isolated charges. 

The characteristic of the book is the clear presentation of the subject 
and its careful statement of the assumptions imderlying the application 
to the various branches. 

The treatise is one of the author’s lost contributions to a subject in 
which he was a leader and master and it is a monument to his accuracy and 
lucidity of expression. ^ jj 

Theory of Alternating Current Wave-Forme. By P. Kbmp, 
M.Sc.Tech., M.I.E.E. [Pp. ix. -h 218, with 73 figures and 32 tables.] 
{London: Chapman & Hall, Ltd., 1934. 16s. not.) 

The series of monograplis to which this book belongs is intended to perform 
the very useful function of collating and making readily accessible the most 
important information on specialised subjects in electrical engineering. In 
recent years the ononnous extension of alternating current supplies and the 
more exacting conditions of operation, to which electrical engineers must 
ensure that the apparatus used conforms, has made a study of non-sinusoidal 
waves of far-reaching consequence. 

The book imdor review, explaining as it does the essential principles 
governing harmonics in alternating-current power systems, is therefore a 
timely addition to this monograph series. Although the author does not 
say that his treatment of the subject is with special reference to power fre¬ 
quencies, it is at once apparent that the communications engineer is very 
scantily catered for. Thus the production of beats by the superposition of 
two harmonics of near frequency, referred to by the author os harmonic 
interference, is dealt with in a very superficial way, totally inadequate for 
the study of a radio-frequency heterodyne system. Nevertheless, there are 
sections of the book such as those dealing with wave-filters and harmonic 
analysis where a more general treatment is employed, applicable to com- 
mmications systems. 

In dealing with resonance and power factor, the author assumes that 
the reader is quite familiar with the general meaning of these terms, but the 
writer feels that it would be helpful if a precise definition were given, suitable 
for use in all oases whatever the wave-form of the current or voltage. 

The author has developed his subject systematically and given a clear 
exposition of the essential ideas involved. Having properly grasped these 
ideas, the reader should have no difficulty in following the various applica¬ 
tions afterwards discussed, although a considerable amount of labour must 
have been involved in working out the various formula) and numerical 
examples given. The mathematics employed is quite simple and electrical 
engineers in general, but particularly those concerned with the distribution 
and utilisation of electric power, should find a study of this book invaluable. 

H. M. Bahlow. 

The Principles of Electric Power Tranemiaeicm by Alternating 
Currente. By H. Waddioor, B.Sc., A.MJ.E.E. Third edition. 
[Pp, xxi -f 449, with 164 figures.] (London; Chapman A Hall, 
Ltd., 1935. 21s. net.) 

Ik 1930 the writer had the privilege of reviewing the second editkm of thie 
book and he then expressed the opinion that as a treatise dealing in a oonoijie 
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Ibna with the theory, design and operation of alternating-current tranamia- 
aion aystems it waa unsurpasBed. Of the third edition, just published, one is 
justified in going even further and asserting that the volume has no rivals 
in the field with which it is concerned. 

The author’s mastery of his subject is manifest by his ability not only to 
analyse the principles underlying the various problems involved but with no 
less success to expound and explain their practical significance. The treat¬ 
ment is as complete as anyone would normally desire and it is never confused 
by details which might be considered irrelevant. Throughout, the author 
obviously aims at giving a sotmd and concise statement of the essential 
facts shorn of unimportant frills, and he has been remarkably successful. 

After a preliminary review of elementary economic and electrical prin¬ 
ciples the author shows how to deduce expressions for the capacitance and 
inductance of various arrangements of conductors. The influence of the 
primary constants on the distribution and phase of current and potential 
at different points along a transmission line is then investigated. A short 
lino for which the capacitance can be neglected is considered first and then 
the argument is oxt^mdexi to the more general case. This is followed by an 
analysis of the special properties of the various conductors in practical use 
and a description of different types of 8up|X)rting structures. Corona efiects, 
the insulating arrangements for overhead lines, methods of voltage and power- 
factor control, are all discussed in turn. Two chapters, in this edition, are 
devoted to the characteristics of imderground cables and these include a 
rimnU of many recent developments. The economics of the choice of a 
conductor, its size, the voltage and frequency, etc., are briefly considered. 
Apparatus for the protection of linos against short-circuits and dangerous 
pressure rises due to induced charges, switching operations and resonauace is 
described in detail, with an explimation of the conditions under which such 
disturbances arise. Finally an interesting investigation is made of the 
limiting load with which a given system may be expected to cope. 

The field covered is necessarily very wide, and for certain specialised 
branches of the subject the reader is rightly referred to otlier sources of 
information. Although the book is primarily intended for the student it 
will be fovind of almost equal value to the designer and to the operating 
engineer. H. M. Bablow. 

0HEM18THY 

Cjryatal Chemistry. By Db. O. Hassbi,. Translated from the German 
by R. C. Evans, B.A., Ph.D., B.So. [Pp. ix -f 94, with frontispiece 
and 8 figures.] (London: William Heinemann, Ltd., 1935. 
Whatbvbb it may have been in the past, crystal structure is now no longer 
a ** special ** study : in its broader aspects it is, or ought to be, perhaps the 
most general soientiflo study of our time. Almost anything from a diamond 
to a nerve, say, falls within its scope, and it is a sin^larly remote investi¬ 
gator who cannot learn anything from its far-flung lessons.—“ Far-flung ” 
is good, as Polonitis might have said ; but there is bound to be some difficulty 
in oatohing, especially when so many things are flung from every point of 
the soientiflo view, and chemists in particular seem hardly to have grasped 
all within their reach. But it is a hard life doing research nowadays, and 
we are all more or less living in glass houses. 

In this little book, howeveri Dr. Hassel has performed a real servioe for 
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ohemiflitB, and Dr. Evans has ably seconded him by putting the woik right 
under the noses of the English-speaking section. There are things-*~>most 
of the important things in inorganic crystal chemistry in fact—-here set down 
that chemists really should know if they are to keep abreast of events : thin^ 
like the established sizes and shapes of atoms and radicals, the chief ways in 
which they fit together in the solid state, and the main types of structure 
that are found time and again. The whole book can bo read in a few hours, 
and the story is told so simply that practically no special crystallographic 
knowledge at all is required. Dr. Evans has made it still easier by taking the 
opportiinity to expand or “ translate freely ” most of the parts that might 
still seem a bit vague, and there are plenty of references to original papers for 
those who feel they would like to go further into the matter. 

There is only one shortcoming, and that is not entirely the author^s fault, 
sinco a number of outstanding advances have been made in quite recent years. 
We refer, of course, to the X-ray interpretation of organic crystals and bio¬ 
logical material. This does not mean that there is no mention of such work ; 
but little more than one-tenth of the text is devoted to it. On this aooount 
it would be rather more correct to call the book Inorganic Crystal Chemistry, 

W. T. Astbury. 


Chemical Kinetics and Chain Reactions. By N. Sbmekoff. The 
International Series of Monographs on Physics. [Pp. xii -f 480, 
with 148 figures.] (Oxford: at the Clarendon Press; London: 
Humphrey Milford, 1936. 36«. net.) 

Developments in the theory of chemical kinetics during the present century 
have been largely concerned with the application of classical laws aided by 
a more intimate knowledge of the energetics of molecules which has been 
furnished by spectroscopic data. Thus the mechanism of uni- and bi- 
molecular reactions has been elucidated (Lindemann, Hinshelwood), the sig¬ 
nificance of activation energy has boon made clearer (London, Polyani) and 
a number of complicated reactions have been analysed into stages which 
obey the normal laws (Bodenstein). 

Nevertheless, it has become evident that the majority of chemical changes 
do not proceed regularly but exlubit marked deviations from the so-called 
normal laws. In particular such striking phenomena as ignition limits and 
explosive reactions found no satisfactory explanation until the advent of 
the theory of reaction chains. The concept of non-branohing chains was 
introduced by Bodenstein in 1913 to account for the kinetics of the HO 
reaction; the subsequent developments of the theory and its extension to 
branching chains are largely due to the author of the work under review. 

The firet port of the book develops systematically the mathematical theory 
of non-branching chain reactions and of branching chain reactions including 
the theory of explosions. It is followed by a critioal discussion of the experi¬ 
mental data for nearly 50 reactions. This discussion is particularly valuable • 
it is written in a vigorous and stimulating style and makes accessible the 
results of a number of very recent investigations carried out in the U.S.S.R. 
A general summary follows and the remarkable conclusion is reached that 
the vast majority of chemical reactions proceed by a chain 

This volume will undoubtedly rank as one of the most important mono¬ 
graphs of the series which is now being issued by the Oxford University Prosd, 

S. Stronsw. 
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Thm Adsorption of Gasw hj Solids. By S« J. Gmsao, B.Bc., Ph.D. 
Methuen’s Monographs on Chemical Subjects. [Pp. viii -f 120, with 
15 iigures.] (London : Methuen & Co., Ltd., 1924. 2s. 6d. net.) 

This book is a useful addition to the small monographs on physical and 
chemical subjects for which Messrs. Methuen have now established a reputa¬ 
tion. In its own class this is a valuable little book and the reviewer was 
somewhat surprised to find how fully the field could be covered without undue 
condensation in such a small space. None the less, it must be admitted that 
the BubjfXJt is probably too large a one to be successfully treated in a little 
over 100 pages. 

The arrangement of the book is convenient and the author wisely and 
successfully makes a clear distinction between the properties of porous and 
non-porous adsorbents and, in genoml, treats these two classes of materials 
separately. The summary that the author gives of the enormous literature 
dealing with adsorption on charcoal and on silica gel is particularly sound 
and readable. Not unnaturally, the section on activated adsorption is less 
successful and this can be ascribed to the fact that at the time the book was 
written opinions differed widely as to the best interpretation of the experi¬ 
mental results. Nevertheless there is a good and critical aocoimt of the slow 
diffusion that often occurs parallel with, or in place of, true activated adsorption. 

The reviewer also found the elementary mathematical discussion given 
on the forces catising adsorption extremely clearly and attractively written 
and likely to be of great value to the student. The account of the accom¬ 
modation coefficient is also good but little more than two pages are devoted 
to the treatment of photoelectric, thermionic and other electrical effects, 
and it was surprising to find no ntimerioal estimate of the life-time of an 
adsorbed molecule in any part of the book. The book is free from misprints 
and well presented. This is a good sample of a monograph on an interesting 
subject, which might be read with profit by anybody interested in adsorption. 

O. H. W.-J. 


The Kinetic Theory of Gaeee. By Pbofisssob Mabtin Knudsbk. 
Methuen’s Monographs on Physical Subjects. [Pp, viii H- 64, with 20 
figures.] (London : Methuen & Co., Ltd., 1934. 2s. 6d. net.) 

Pbof. Knttdsbn has put into permement form the substance of three lectures 
which he delivered in the University of London, and has produced a most 
stimulating monograph on the foundations of the kinetic theory of gases. 

The mathematics given in tliis book is of a very elementary kind and 
yet the author draws the most interesting deductions from the fundamental 
postulates of the kinetic theory. It is right and proper that Prof. Knudsen 
should dwell largely on his own researches in this field. He deals with the 
subjects of evaporation and condensation, with the molecular flow of gases 
through tubes when the free path is long compared with the diameter of the 
tube, with the cosine law of reflection and its experimental verification, with 
the theory of the absolute manometer and finally with the coefficient of accom¬ 
modation. All these subjects have been illuminated by the experimental skill 
of the author and have thereby assumed greater importance in physios and 
chemistry. 

There is concentrated wisdom in this little volume and no one will regret 
the modest sum of half a c ro w n required for its purchase. 


jr. E. 
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PhysiccH'Cliamical Practical Escarciaaa. By Wxulum Honaiair Rab, 
V.B., M.A., F.I.O., and Joseph Rehxy, M.A., D.So., Sc.D., FXa 
[Pp. xiv + 276, with 74 figures.] (London : Methuen & Co., Ltd., 
1934. Is, ed. net.) ^ 

Beiho familiar with more than one excellent text-book on Practical Physical 
Chemistry, the reviewer did not expect to conclude after reading this book 
that it had filled a gap. None the less, in spite of the fact that it contains 
little material that is not well treated elsewhere, he was loft with no doubts 
as to its value. It would not be sound advice to suggest that students already 
using some other similar text-book should use this one in its place, but there 
Is no doubt that masters teaching fairly advanced physical chemistry in a 
school, or demonstrators responsible for the conduct of elementary degree 
courses at a University, should all posi^ess a copy. 

Its special merits are two-fold. The value of the book is greatly increased 
by the inclusion of a large number of worked examples which make it partic¬ 
ularly easy for the student to follow the arguments involved. Incidentally, 
to a student who has not got ready access to a laboratory this book would 
probably be more useful than any other for that reason. The other special 
merit it has is that the blend of classical experiments whose didactic value 
remains unchanged with experiments demonstrating newer principles seems 
to be unusually successful. Tlius the authors have been careful to include 
newer or more accurate methods where such are available for doing the more 
old-fashioned experiments, and the inclusion of experimenta on the parachor 
and on the determination of the Mean Free Path and the diameter of molecules 
is also to be welcomed. There must in any book of this sort be apparent 
omissions according to the taste of the reader, and it may be mentioned that 
the reviewer was most surprised to find that the only work on conductivity 
referred entirely to weak electrolytes. It would have seemed to him quite 
proper to have included simple measurements on the conductivity of, for 
example, potassium chloride. 

The book is well produced and is to bo recommended at the price. 

O. H. W.-J. 

Experimental Physical Chemistry. By Fabrinoton Daniels, J. 
Howard Mathews and John Warren Williams. Second edition. 
International Chemical Series. [Pp. xx -f 499, with 140 figures.] 
(Now York and London: McGraw-Hill Publishing Co., Ltd., 1984. 
21s, net.) 

The rapid development of modem physics has made the teaching of phyeical 
chemistry increasingly difficult. A knowledge of the classical work oi^ the 
properties of gases, liquids, solids and solutions must be acquired as a founda¬ 
tion and there are a number of experimental text-books available for this 
purpose. Unfortunately when the student proceeds to research and to grapi^e 
with modem problems he finds a wide gap between the background given by 
his degree course and the treatment of the subject fiom the standpoint of 
mathematical physics. The only means of narrowing this gap is to begin 
aa early as possible to familiarise him with the fundamentals of speotrosoopy, 
photo-chemistry, and quantum theory so that the mind may be accustomed 
to thinking in these terms. The second edition of EwperimenkU 
Chmiatry is suitable as the practical text-book for an honours ohut^try 
course on the above lines. 
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The book is dividad into three eeotione dealing respectively with labora¬ 
tory experiments,** ** apparatus ** and “ misoellaneous operations.*' The 
experiments described in Part 1 differ only in minor details from those per¬ 
formed in the majority of elementary physical chemistry courses. The in¬ 
structions given are generally very brief but are adequate if the work is carried 
out under the supervision of a comp ^tent teacher. Parts 2 and 3 are intended 
to be a guide to the methods used in advanced work and research; the 
authors do not claim that their survey is comprehensive, but on reading the 
book on© is surprised to find how much it has been possible to condense within 
its five hundred pages. For example, in the treatment of the physical proper¬ 
ties of gases there is some discussion of modem high vacuum pumps, directions 
are given for the operation of barostats and there are small diagrams of ten 
of the more common forms of all-glass mfmometers. The wide scope of the 
work is shown by the presence of chapters on photo-chemistry, dielectric 
constants, capacity and high frequency bridges and vacuum tubes. Refer¬ 
ences to rcHsent and important original papers are always given, thus providing 
a stimulus to general reading cuid supplementing the account of those experi¬ 
ments which are inadequately described in the text. There are a few experi¬ 
ments where the description is misleading or the example chosen unfortunate, 
but as a whole the book can bo confidently recommended. 

R. H. P. 


Clinical and Pathological Applicationa of Spectrum Analysis, with 
notes on Spectrography in Chemistry and Mineralogy, and Tables for 
Qualitative Analysis ; being the Authorised Translation of Port II 
of Die Chemische Emissionsspektralanalyse, by Dr. Wax^thbr 
Qbblagh and Dr. Wsrneb Gbbui^oh. Translated by Jo yob Hh^obb 
Twyman. [Pp« 145, with 52 figures.] (London : Adam Hilger, Ltd., 
1934. 14s. 6d. net.) 

This monograph deals with the detection and estimation of certain elements, 
mainly metallic, in specimens of biological material. The main title is 
apparently intended to cover that portion of the book which describes the 
determination of metallic elements in various organs and tissues derived from 
olixiioal and pathological patients after treatment with gold, silver or bismuth, 
example. The detection of poisonous elements, or metals at the edges of 
gixu^ot wounds and so on, is discussed. There are two valuable features of 
the book : (1) the description of the high-frequency spark whereby a minute 
piece of tissue or fabric may be examined spectrographioally without pro- 
kminary treatment such as ashing or dissolution, and (2) the tables and rules 
for deciding the presence of traces of metals when other metals may yield 
spectrum lines in close proximity to those of the suspected element. It is 
shown, for instance, that the Pb line 3639-6 may be obscured by the Fo line 
3640-4. In this case the Fe line 3638-3 should also be visible. 

The hint is given that the observer’s own experience (p. 110) should be 
of value. That the spectroscopic method, in experienoed hands, is extremely 
delioate is shown by the detection and estimation of strontium in calcium, 
when a question of the oalcixim isotopes was being considered by HOnigsohmid 
(p. 94). Again, minerals and glasses can be attacked by the procedure 
desoribed on p. 107, using an interrupted are, or an unoondensed spark to 
provide the emission speotrum. 

The main purpose of the book is achieved $ namely, the description of the 

oo 
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method of eBtimation of metals in minute portions of bioiogioal material and 
how a metal may be traced throughout the various parts of an organ with 
precision. There are few errors, only one of importance, the word “ nitrate ** 
for “ nitrite ” (p. 101). On p. 28 there is a ciuious apparent misuse of the 
word “ maximum,’* the whole sentence being obscure. 

On the whole, the translation is very fair and readable, but too literal 
adherence to the original has produced some strange words and phrases. 
Thus, “ analysis samples ” and “ organ samples ” presumably moan “ samples 
for analysis ” and “ samples of an organ.” ” To last . , . between 1 and 5 
minutes . . (p. 27) doubtless means ” to occupy . . . between 1 and 6 

minutes. , . Apart from these few peculiarities the text is readable. 

As in this firm’s publications generally, the type and reproduction of the 
spectrograms are good and clear. 

J. J. F. 


Bie Mlkrogasanalyse imd ihre Anwendung. By Dk. Hbikrich 
ScHWABZ. fPp. xii + 286, with 62 figures and 31 tables.] (Vienna 
and Leipzig : Emil Haim & Co., 1936. RM. 22.80.) 

This useful book suffers somewhat from the choice of an unsuitable title. A 
manual of micro-gas analysis is oxpect<=d to deal especially with micro-methods, 
and, if not to describe, at least to mention all the more important ones— 
while this book comprises many well-known methods of ordinary gas analysis 
and only a selection of the micro-methods. The author, having been for 
many years in charge of the chemical laboratories of medical clinics, wa« 
naturally in the first place interested in the application of gas analysis 
apparatiis to the study of medical problems : the determination of oxygen 
and carbon dioxide in blood, of urea in blood and urine, of the gas metabolism 
in cells, etc. Here he speaks with first-hand knowledge, and these chapters 
are full of valuable information. The descriptions of methods of purely 
chemical interest are somewhat less satisfactory, and one looks fmquwitly 
in vain for any statements of the limits of sensitivity. On the other hand, 
tables are included about the surface of the body of children, human meta¬ 
bolism with respect to size and age, and similar ones which one would expect 
to find in a text-book on physiology rather than on analytical chemistry. 
As an introduction to methods of gas analysis for use in clinical laboratories 
the book is to bo recommended to physiologists and doctors. 

F. A. Pakbth. 


Unit Processes in Organic S 3 mihesis. P. H. Giioqqins, Editor* 
in-Chief, assisted by M. R. Fbnskjj, D.Sc., S. J. Lloyd, Ph.D., L. F. 
Marek, M.8., H. P. Newton, M.A., A. J. Norton, B.8c.,E.E. Reid, 
Ph.D., R. N. Shkkve, A.B., W. A. Simpson, B.8., A. J. Stirton, M.A.t 
and H. E. Woodward, Ph.D. Chemical Engineering Series. [Pp. 
xii -f 689, with 137 figures.] (New York and London ; McGraw-Hill 
Publishing Co., Ltd., 1936. 30«. net.) 

The Editor-in-Chlef has evidently experienced some difiioulty in finding a 
title for this work and in the end has not been very successful, since that choscm 
fails to indicate the great importance of the contents. One may fsarly say 
that the book is one of the moat valuable to the organic chemist that has bee n 
published in recent years and in order to define its scope the reviewer cannot 
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do better than quote the Preface. ** In this book, an attempt is made to 
present in a systematic manner the principles and practice of the more im¬ 
portant and well-defined reactions in organic synthesis. In commercial 
operations, it is foimd neoessary to bring to the application of such reactions 
the pertinent information derived from inorganic and physical chemistry as 
well as the contributions of the chemical engineer. . . . The term unU 
processes is used here to represent the embodiment of all the factors in the 
technical application of an individual reaction in organic synthesis. ... In 
the process of synthesising diraethylaniline from benzene, three distinct unit 
processes are involved, viz. (1) nitration, (2) animation by reduction, and (3) 
alkylation. 

The subjects dealt with are nitration, amination by reduction, diazotisa- 
tion, halogenation, sulphonation, amination by ammonolysis, oxidation, 
hydrogenation, alkylation, esterification, hydrolysis, tho Friodel Crafts’ re¬ 
action, and polymerisation. The terminology will indicate that the book 
comes from the United States. 

The method of treatment is best indicated by taking, for example, nitration. 
A survey of nitro-compounds is given, sometliing is said about orientation, a 
discussion follows of the various nitrating agents, their use and the mechanism 
of nitration. The plant used in nitration is described and finally some details 
are given for certain technical nitrations, namely of benzene, chlorobenzene, 
acetanilide, phenol, naphthalene and toluene. In this section all the available 
data on proportions of isomerides formed under vaT 3 ring conditions is given 
and a further section supplies the thermal data relating to the preparation 
and use of nitro-compounds, whilst another deals with tho recovery of spent 
acid. 

Other subjects are treated similarly and the book is packed with informa¬ 
tion not readily available elsewhere. Its use to the chemical engineer is 
obvious, but it is no less valuable to the research organic chemist of the most 
“ academic ” variety, as it supplies knowledge which is of tho greatest im¬ 
portance in carrying out the oommon operations in the laboratory. The 
lecturer can also learn much from it; how many teach that synthetic malic acid 
is replacing tartaric and citric acids because it can now be easily prepared by 
the catalytic oxidation of benzene with air in the presence of vanadium pent- 
oxide to maleic acid which can bo hydrated by heating with water under 
pressure, or that the availability of high pressure plant and suitable catalysts 
have made practicable the preparation of anilino and phenol from chloro¬ 
benzene T 

Good though the book is, it is capable of improvement, especially on the 
more theoretical side. The formation of nitrites and nitro-compounds from 
alkyl iodides and nitrites is explained on outworn notions. Cain’s structure 
for diazonium salts is needlessly mentioned and a ring structure is given for 
diezonium sulphonates, dry diazonium salts are described as somewhat (!) 
explosive. The function of potassium bromide with bromine in brominations 
does not seem to be fully appreciated, in some oases the addition of potassium 
bromide to bromine water can be used to reduce the free bromine oonoentra- 
tkm, for example, in the estimation of dinitrophenol in picric acid. These, 
however, ore but minor criticisms of what is a really valuable book which 
should be read from cover to cover by all students of organic chemistry. 

0. L. B. 
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The Nitrogen System of Compounds. By Edwabo Cubtis FRANExm. 
American Chemical Society Monograph. [Pp. 839, with 86 figures.] 
(New York : Reinhold Publishing Corporation, 1935. $7.60.) 

Seldom has the present writer been in the uncomfortable position of being 
unable to say one good word for a book. On the strength of the similarity 
between water and ammonia in some of their properties the author has 
evolved a whole new nomenclature for nitrogen compoimds. For example, 
mono- and di-alkylamines are called ammono-alcohols and trialkylamines 
ammono-ethers, because they are the nitrogen analogues of the alcohols and 
ethers. Guanidine is a doamnxonation product of a hypothetical ortho- 
ammonocarbonic acid just as carbon dioxide is a dehydrated form of the 
hypothetical ortho-carbonic acid. Cyanamide, written as HN=rz=C===:r™-NH 
is on ammono-carbonic ewjid, hydrocyanic acid an ammonocarbonous acid, 
whilst dimothylnitrosamine and diazobenzene (CeH^N : N.OH) are, forsooth, 
esters of aquoammono-nitrous acid. This treatment is followed through the 
whole book and the writer feels disinclined to waste his own or his readers’ 
time with a further description of a treatise which might have altered the 
course of chemistry if written when the subject was still much imdor the 
influence of the T 3 rpe Theory but is not likely to attract much attention now. 

There is a good deal of information summarised on the lose common 
organic nitrogen compounds and their methods of formation which would bo 
valuable if presented in the accepted nomenclature and interpreted on modem 
theories of organic chemistry. q ^ B. 

Metallurgy. By E. L. Rhead, M.Sc.Teeh., F.I.C., A.I.M.E. Sixth edition. 
[Pp. xiv + 382, with 182 figures.] (London, New York, Toronto : 
Longmans, Green A Co., Ltd., 1936. 10«, fid. net.) 

The first edition of this very useful book on elementary metallurgy wa« 
published in 1896. Since that time, it must have served to instruct a large 
number of metallurgical students in the first principles of their branch of 
applied science. 

The book was written with the definite object of providing an easy introduc¬ 
tion to metallurgy. It is not a complete treatise, but a careful study of its 
context should give the student a good general knowledge of the subject and 
enable him to road the more advanced works with both profit and pleasure. 

In the new edition, the sixth, a certain amoimt of deletion and condmsa- 
tion of matter has made it possible to enlarge many chapters and to add new 
sections on pyrometry, metallography and foundry work. 

The volume first deals with the physical properties and the behaviour of 
metals, then with metallurgical terms and processes and next describes furnace 
types, refractory materials and fuels. In the description of the metallurgy 
of the metals, most spaeo is given to that of iron and steel. Copper, lead, tin, 
zinc, mercury, gold and silver receive less detailed attention, but in view 
of the scope of the book, the treatment is adequate. In addition, mention 
is made of the other common metals. 

The book closes with a chapter on alloys, pyrometry and metaUogn^hy 
and with a list of the atomic weights of the principal elements. This latter 
appears to be out of date and should be corrected in later editions. Bearing 
in mind that the book has been written os an elementary manual, it oan be 
recommended to those contemplating the study of metalluigy. 

E. W. Yeomak. 
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GEOLOGY 

Tli 0 G 0 ology of Burma. By H. L. Chhibbbb» Ph.D., D.Sc., F.Q.S., 
F.R.G.S. With contributions by R. Ramamththam, M.A., and a 
Foreword by L. Duplby Stamp, D.Sc., B.A., F.G.S. [Pp. xxviii -f 
638, with 37 figures and 28 plates, including 3 geological maps.] 

Tha Mineral Hesouroea of Burma. By H. L. Chhibbicb. [Pp. xv -f 
320, with 13 figures and 10 plates.] 

(London : Macmillan A Co., Ltd., 1934. 30^. net and 18a. net.) 

The geology and mineral resources of Bunna are of abounding interest and 
importance, not only in themselves, but also because Burma is the connecting 
link between India and the Himalayas on the one side, and Malaya and the 
East Indies on the other. The geology of India has been well served by several 
text-books of which that by Prof. D. N. Wadia is the most recent, while 
Malaya lias been treated in Mr. J. B. Scrivenor’s two well-known works 
{S.P., XXIV, 164 ; XXVI, 528). All these books were published by Messrs. 
Macmillan, who have again rendered geologists a great service in publishing 
Dr. Clihibber's monumental volumes. 

The Geology of Burma is very comprehensive indeed. It begins with 
studies of the physical features of the country including rivers and lakes, 
and goes on to deal with earthquakes, hot springs, mud volcanoes, denudation, 
limestone caves and the coastline, before settling down at p. 110 to the 
stratigraphy of the region. The representatives of ArchaBon, Ordovician, 
Bilurion, Devonian, Permo-Carboniferous, Triassic, Jurassic and Cretaceous 
systems, are fully described, each in a separate chapter, before the widespread 
and economically important Tertieuy rooks are dealt with in Chapters XXI-V 
(pp. 210-69). Then comes a chapter on Post-Tertiary deposits, also important 
the economic point of view because of their content of tin, gold and gems. 

The remainder of the book, with the exception of a final chapter on 
geotectonios, treats very exhaustively of the igneous rocks of Burma. Dr. 
Chhibber is here in his element as a petrologist, and he may be criticised for 
allotting a disproportionate amovint of space to his beloved igneous rocks. 
The reviewer, however, is not disposed to quarrel with him on this account, 
as he thinks Dr. Chhibber has provided one of the best, and certainly one of 
the most detailed, regional petrographies which he remembers to have read. 
For any future discussion of the chstribution of igneous rocks and of the 
problems of petrographic provinces this work will prove invaluable. 

Useful appendices have been contributed by J. B. Scrivener on the 
correlation of the geology of Burma and Malaya, and by P. Evans on the 
correlation of the geology of Burma and Ass^. Three excellent folding 
geological maps of Bunna as a whole, of the Northern Shan States and of 
the Mergui and Tavoy district, are provided, as well as a number of maps and 
sections in the text. The book is also well illustrated by plates illustrating 
scenery and rock structures. 

In the preface to The Mineral Resources of Burma Dr. Chhibber tells us 
that ho originally intended to incorporate this volume with The Geology of 
Burma, but later found it advisable to issue the work in two parts. This was 
regarded as the better course beoatise Burma, from the point of view of mineral 
resources, is undoubtedly the most important province of the Indian Empire. 

This work is also very thorough and comprehensive. After an introductory 
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chapter on the geological and geographical distribution of the mineral depoeit% 
and statistics of production, there follow chapters on the numerous valuable 
gemstones, jadeite (which is treated exhaustively in 62 pages), amber, iron 
ores, coal and lignite, gold, lead silver and aanc, petroleiim (this chapter 
contributed by Dr. L. Dudley Stamp), tin, tungsten, salt, and a long list of 
misoellaneous minerals. This bald summary alone suffices to show the value 
and the possibilities of Burmese mineral deposits. But Dr. Chhibber is not 
content to rest satisBed with these exhaustive accoimts of mineral deposits. 
He also includes chapters on soils (written in conjimotion with S. P. Aiyar), 
water supply, roadstones and building materials. In so far as it was necessary 
to elucidate the structure of the mining districts the stratigraphy of certain 
important areas is briefly sketched. Dr. Chhibber has also indicated the areas 
where further prospecting might be imdertaken for certain minerals, and 
has contributed many useful notes on mining methods and on the prc^mt 
and prospective uses of the mineral deposits. 

The book is well illustrated by a number of excellent plates and text-figures, 
including a folding map showing the locations of the more important mineral 
deposits. 

These two volumes attest incredible industry and vast erudition on Dr. 
Chhibber’s part, and are likely to remain the standard works on Burmese 
geology and mineral resources for many years to come. The production of 
the voltimes is of the high standard so long associated with the house of 
Macmillan. 

O. W. T. 


Xntroduotion ausc £tudes Minidres Colonialea. Publications du 
Bureau d’Jfitudes G^ologiques et Mini^res Coloniales. [Pp. viii + S49» 
with 26 figures and 9 plates.] (Paris : Sooi6t^ d"£ditions Q6ogra« 
phiques, Maritimes et Coloniales, 1934. Frs. 36.) 

Eablier publications from the source indicated above were reviewed in 
SciBNOE Progress for January, 1936, p. 666, and the series is now continued 
with the present work which, like its predecessors, is the outcome of a course 
of lectures delivered during the sessions 1932-33 and 1933-34 at the Paris 
Museum of Natural History. The justification for a special introduction to 
studies in colonial mining is that special problems in alluvial prospecting, 
and difficulties arising from extensive surface rook alteration such as 
lateritisation, are encoimtered in the tropical colonies which are not met with 
nearer home. Moreover, there are special local problems of transport, travel 
and labour in colonial mining. 

The book takes the form of a number of more or less oonnootad essays from 
different hands. L. de Launay contributes a paper on “ Lee Grandee Types 
de Gisement,** a succinct statement of the classification and origin of ore 
deposits. A. Lacroix follows with an excellent short memoir on lateritio rock 
alterations and their mining consequences. L« Thiabaut deals similarly with 
practical problems in the working of alluvial deposits, and C. Bchlumb^^r 
writes on geophysical methods of prospecting. Then come four papers dealing 
with labour, transport and native problems incidental to colonial mining* 
A. Duparque then provides a valuable memoir on the microscopic study of cofld 
illustrated by some beautiful plates, and J. Oroei similarly describes the 
methods of mioroBoopio study of opaque metaUiferous minerals. The two 
concluding papers deal with the commercial and marketing proUenis ind- 
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dental to the dispOBal of colonial mining products. The memoirs by Lacroix 
and Buparque may be singled out as of quite exceptional value to geologists 
in a volume the standard of which is imiformly high. 

G. W. T. 

BOTANY 

Primitive Land Plant®. By F. O. Bower, Sc.D., LL.D., F.R.S. 
[Pp, xiv -f 658, with frontispiece and 449 figures.] (London : Mac¬ 
millan & Co., Ltd., 1935. 30a. net.) 

This work is in the main a restatement of the views of the author on the 
comparative morphology and anatomy of the Archegoniateee, a restate¬ 
ment embodying in substance the views that appeared in The Origin of a 
Land Flora and in Size and Form in Plants, 

Although the author states that his chief aim was not the tracing of 
phylogonies, a perusal of these pages inevitably recalls the enthusiasm for 
phylogenetic speculation of a quarter of a century ago, speculations which 
indeed liave their uses although the chief centre of interest to-day is entirely 
difierent. 

The various groups receive somewhat unequal treatment even having 
regard to their relative importance. As we should expect, the Filicales 
occupy the largest section, nearly a third of the entire work, and these chapters 
constitute a valuable summary of the views of our loading authority on this 
group in a more concise form tlian in the author’s well-known work in three 
volumes. The account of the Bryophyta on the other hand is rather disap¬ 
pointing and here as elsewhere in the book the reader has the impression of 
dealing with laboratory specimens rather than with living organisms whose 
structure and mode of life is elucidated by laboratory technique. 

The main theses are sufiiciently familiar not to require recapitulation, 
but we may note tliat Prof. Bower treats the Devonian plants as synthetic 
types serving to bridge the gap between the Bryophyta and tlie Pteridophyta, 
and sees in the gametophyte and sporophyte of the Anthocerotales an approach 
to what he regards as the primitive condition of these phases in the life history. 

E. J. S. 


Th® Botanist in Iraland. By K. Lloyd Praboeb, D.Sc. [Pp. xii -f 587 
sections, with 44 plates, 29 figures and 6 coloured maps.] (Dublin: 
Hodges, Figgis Sc Co., 1934. 12s. 6d.) 

STtiDBNTS of the Irish flora will give a warm welcome to Dr. Praeger’s latest 
book, for here in convenient form they will find embodied the results of a 
lifetime devoted to the study of Irish plants. 

In the main, the present book follows the lines laid down in his earlier 
one—-A Tourist's Flora of the West of /refund, and much of the subject matter 
of that work has been incorporated in its pages. Apart, however, from its 
more ample scope—for the book now covers the whole of Ireland—it is essen¬ 
tially a new work and includes many features not found at all in the previous 
one. 

The book is divided into two main parts. The first of these provides a 
general introduction to the flora as a whole, vHhile the second, which is planned 
on a regional basis, describes the oharactadstic plants to be found in aU the 
tnore interesting localitiee throughout Ireland. 
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This introductory section, which occupies in all some 70 pages, is a most 
valuable feature of the book and provides just that information which is 
reqtnrod for an intelligent study of the flora. It opens with a concise but 
lucid account of the Geology, Topography and climate of Ireland, and shows 
how past events in its history account not only for its present topographical 
features, but have also determined the oharaotor of the soils which exert so 
marked an effect on tho nature of the vegetation in different regions. 

In the brief section devoted to the climate of Ireland the ameliorating 
effect of the warm seas and ocean winds which surround the country is shown 
with telling effect. Ireland lies in about the same latitude as Labrador, yet 
its mean annual temperature is above 60° F. and, what is pi*obably more 
significant, the annual range is exceptionally small. 

Thus the warmest areas in the hottest month have a mean of about 60° F., 
while in the coldest areas in the coldest month the mean is just under 40° F. 
In the west frost is of rare occurrence. 

Ever 3 rwhore precipitation is high, but both humidity and temperature 
increase steadily towards the west, and it is there that their influence on tho 
character of tho vegetation V>ecomes so striking. The English botanist visit¬ 
ing Ireland for the tot time is always astonished at the luxuriance of moisture- 
loving plants. Osmunda rtgalia^ with great fronds 6 or 6 feet high, is a common 
sight in low-lying areas of tho west, and Dr. Praeger teH|. us that on Aohill 
Island Hymenophyllum peUatum forms an ingredient of the sward on the 
slopes of Slievomore, while in marshy ground hard by Nymphcea aJba grows 
as an aerial plant. 

But in spite of its warm and moist climate the West of Ireland suffeni 
from a high degree of exposure and in winter is subject to a continuous suc¬ 
cession of westerly gales. This has an astonishing effect in dwarfing the 
vegetation on unprotected slopes, yet wherever shelter is available the effect 
of tho mild climate becomes at once apparent. The reviewer will not soon 
forget tho luxuriance of the vegetation growing in the deep clefts and fissures 
of the limestone in the Barren country of County Clare, yet the exposed 
slopes of the same rocks are so devoid of vegetation as to present an appear¬ 
ance of almost forbidding barrenness. 

A considerable part of the introduction is taken up with a discussion of 
the clxaraotcr of the Irish flora. An attempt is made—admittedly a difficult 
one—^to analyse it into its various geographical components and a comparison 
is made witli the flora of tho adjacent islands of Britain and to a lesser extent 
of the Eiiropean mainland. 

This section will be road eagerly by students of plant distribution, for it 
raises issues which have been fruitful sources of disctission and have led to 
considerable differences of opinion. There will be general agreement with 
Dr. Praeger^B recognition that the Irish flora is in the main the result of a 
series of post-glacial invasions from the continent of Europe, via the neigh¬ 
bouring islands of Britain ; but many botanists will find it leas easy to concur 
with his conclusion regarding those plants which are absent from Ireland but 
present in England or Scotland. He regards this ** reduction in the Irish 
flora as due largely to its insularity and concludes that “ the Irish Sea has 
proved a serious barrier to immigration from the east.*’ 

Some little attention is also given to the highly interesting group of plants 
comprising the so-called ** Lusitanian ” element in the Irish flora and aho to 
the smaller, but eqtially interesting section which has its headquarters m 
North America. Much disoiiseion has centred around these plants, but 
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Dr* Praeger*8 views ocmoerzung them are well known and it would be snap* 
propiiate to discuss them here; the more so as he has dealt with the whole 
question at some length in a recent papor. 

Some forty pages of the Introduction are occupied with notes on the 
rarer and more interesting plants of Ireland and are followed by a list of 
unverified records and of missing plants. The botanist visiting Ireland will 
find himself turning again and again to this section* for it contains amass of 
interesting information not readily available elsewhere. 

In a brief review it is impossible to do justice to the topographical part 
of the book. The plan followed has been to take each district in turn and, 
after briefly describing its physical features and geological structure, to indi¬ 
cate the character of the local flora. 

Although this treatment necessarily involves a measure of repetition it is 
tmquestionably the one best fitted to meet the needs of the visiting botanist 
as he travels from place to place in Ireland. Wherever he finds himself he 
has but to turn to the appropriate section of the book to see at a glance 
the plants ho is likely to meet with as he explores the neighbourhood. 

As regards format the book could scarcely be bettered; of convenient 
size, well printed and well bound, it is equally suitable for use in the field 
or for reference indoors, while its wealth of illustrations and its folding maps 
add much to its interest and value. 

A census list at the end of the book gives the distribution of Irish plants 
throughout the forty divisions recognised in the same author's Iriah Topo- 
graphical Botany and its supplements, while an excellent index, completes a 
book which reflects the greatest credit on author and publisher alike, and 
which will earn for Dr. Praeger the gratitude of every botanist who visits 
Ireland. 

C. L. H. 

Untarsuohungen tUber die Verbreitung, Biologie und Variation 
der Ceratien im aildlicben Stillen Osean. By E. Stesmakk 
NnciaBK. Dana-Report No. 4. [Pp. 67, with 73 figures and 11 
maps in the text.] (Copenhagen : C. A. Roitzels Forlag ; London : 
Oxford University Press, 1934. 8tf. net.) 

OuB knowledge of the distribution of the oceanic Peridinieae, and especially 
of the genus Oeratium, is steadily increasing. While Peters in 1932 dealt 
with the Ceratia of the South Atlantic, Nielsen has investigated the same 
genus in the South Pacific. He records in all 60 species which in great part 
are common to both oceans. He arrives at the conclusion that the factors 
of greatest importance in determining the horizontal distribution of the 
diverse species are temperature, currents, and the nature of the water itself, 
whether oceanic or neritic. Ho disputes Peters* conclusion as to the impor¬ 
tance of salt (nitrate and phosphate) content and of the amount of nanno- 
plankton. Acoording to Nielsen the paucity of CeraHa in neritio waters is 
a result of the accumulation of metabolic products. The evidence for this 
view is, however, at present rather scanty; moreover, Schiller has recently 
fidduoed some farther data in favour of Peters' conclusions. About one- 
third of the Pacific species are shade-forms, not found above a depth of 
60 metres in water poor in plankton. These forms are all characterised by 
fiattening of the oell or by other devioes for inoreasmg the assimilating surface. 

F. E. FansoH. 
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DiMasM oi th 0 Banana and of the Manila Hamp Plant. By C. W. 

WABDiiAW, Ph.D., D.So., F.R.S.E. [Pp. xii -f 616, with coloured 
frontispiece and 296 figures.] (London : Macmillan & Co., Ltd., 
1935. 30«. net.) 

In no crop plant are the ravages of disease more evident than in the banana. 
Panama disease has boon responsible for the abandonment of huge tracts of 
coxmtry in Central America ; it is at present threatening the banana industry 
of Jamaica, and is a possible menace wherever bananas are grown. This 
single disease has cost the growers losses to be counted in himdreds of 
thousands of pounds sterling and no remedy is known. Other diseases take a 
heavy toll of this crop. A book dealing with the diseases of the banana was 
lirgently required and Dr. Wardlaw, breaking entirely new ground, has 
produced a volume which no doubt will be of great service to the industry. 

The book gives a comprehensive and up-to-date survey of the present 
knowledge of the subject. Apart from storage troubles, 62 individual diseases 
of the banana and 11 of the related manila hemp are treated—a testimony 
to the thoroughness with which the literature has been searched. Pertinent 
extracts from original paj>ers are freely quoted and references are given to a 
bibliography of 669 titles at the end of the book. The illustrations are oare- 
fully seloct^^d and well reproduced ; a few drawings of fungi are new. A 
feature of the work is the list of bacteria and fimgi recorded on the banana 
given in an appendix. Descriptive accounts of banana cultivation and 
transport and storage of the fruit greatly help the reader to imderstand the 
problems of the banana industry. The volume is written primarily for the 
plant pathologist, biit it is not so severely technical os to be tmintelligible to 
the layman. The style is vigorous and the text is pleasingly free from 
misprints. 

In a book of this sort complete agreement with the author is not to be 
expected, but to my mind, it is a pity Dr. Wardlaw has emphasised his unor* 
thodox views on the pathogenesis of the Panama disease. There is no doubt 
whatever, that Fusarium oxyaporum cubenae, the cause of the disease,'is a 
very virulent fungus, and until Dr. Wardlaw has shown that by improved 
methods of cultivation it is possible to control this disastrous diseeise, the 
importance ho attaches to environmental conditions will probably not be 
accepted by plant pathologists generally. Furthermore, in view of the 
recent work on the infection of water-melon by F. niveum and of cotton 
by F. vaainfectum var. cegyptuxeuniy a re-examination of the method of infec¬ 
tion adopted by the Panama disease organism appecurs to bo necessary. 
But it is with reluctance these criticisms are made. The volume is a very 
valuable publication and it is to be hoped will stimulate further work on the 
diseases of this interesting crop. 

E. J. Btmjm. 

ZOOLOGY 

Xntroduction to the Heporte from the Carleberg Foundatioii’e 
Oceanographical Expedition round the World, 1928^30. 

Dana-Report No. 1. [Pp. 130, with frontispiece, 2 figures and 7 
plates.] (Copenhagen : C. A. Reitzel; London : Oxford University 
Press, 1934. 16s. net.) 

In June 1928 a small ship, the Dana, originally built as an English trawler, 
set out from Copenhagen on a voyage round the world. She was admiral^ 
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equipped for ooeauographioel work, and her main object was to investigate 
the pelagic organisms of the open sea, with special reference to the distribu¬ 
tion of the larvsB of the various species of eels. The leader of the expedition 
was the famous oceanographer, Prof. Johannes Sclimidt, who hod carried 
out with brilliant success many previotis cruises in the North Atlantic and 
Mediterranean with the same objects in view. This world cruise was the 
crowning achievement of Schmidt’s life ; imfortunately he did not live long 
enough to see the publication of this, the first of the series of reports embody¬ 
ing the results of the Dana's investigations. The present volume appro¬ 
priately commemorates Schmidt’s remarkable work in an In Memoriam 
notice written by his colleague Prof. Martin Knudsan. For the rest, tlie 
volume contains a short account of the voyage by Schmidt’s assistants. Dr. 
Jesporson and Dr. Taaning, a full list of the Stations worked (over 4,000 in 
number), and details of the numerous Echo-soundings made. It will be 
indispensable to the professional oceanographer and marine biologist in their 
study of the later reports of the Expedition, now in course of publication. 

E. S. Eussbix. 

Phytoplankton and the Herring. Part 1, 1921-1032. By R. E. 
Savage, A.R.C.So., D.I.C., and A. C. Habdy, M.A. Fishery Investi¬ 
gations, Ser. II, Vol. XIV, No. 2, 1934. [Pp. 73, with 42 figures and 
31 tables.] (London : H.M. Stationery Office, 1935. 3a. 6d. net.) 

Thu forttmes of the East Anglian herring fishery depend mainly on (1) varia¬ 
tions in the actual numerical strength of the stock of fish, (2) environmental 
changes which may cause either a dispersal of the shoals in some oases, or a 
concentration of the shoals in others, (3) lunar influence, (4) interference 
with fishing operations by storms, strikes and bad trade. 

This account of phytoplankton and the herring is an important addition 
to our knowledge of fluctuations in the fishery, especially as the authors have 
dealt, year by year from 1921 to 1932, with the clianging oharaoteristioa of 
each season so far as phytoplankton “ patches ” and the movements of the 
shoals are concerned. The diatom Mhizosolenia stylifarmis and the colonial 
flagellate Phmocyatis are the main components of the phytoplankton barriers 
which liavo been found to interfere with the usual migrations of the herrings, 
and the condition of the water knowm as “ stinking ” or “ weedy ” is definitely 
associated with very poor catches of fish. 

The season of 1927 may be cited as an excellent example of ** local inter¬ 
ference ” by phj^plankton. The early fishing was good on the usual Smith’s 
Knoll ground but suddenly the fishery in that area failed, and the herrings 
reappeared some 60-70 miles to the north-east. Subsequently, the presence 
of a broad belt of PhoBoeystia extending for 100 miles across the northern 
entrance to the southern bight of the North Sea was discovered, and it 
appears obvious that the herrings, in order to avoid wrater which they dis¬ 
liked, had to make a considerable detour before tl^ey could continue their 
southerly migration. 

In their description of the changing aspects of the fishery between 1921 
and 1932, charts have been prepared by the authors to show the results of 
the many cruises of the research vessel so far as the phytoplankton patches 
are oonoemed, but they have always been careftjl not to press their case for 
interference ** to the exclusion of other factors which could—and probably 
did—^influence the fishery. They have given ftiU weight to the importance of 
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lunar iz^ueace and brood strength, but it is clear, nevertheless, that the 
evidence they have produced is more than sufficient to establish the claim 
that phytoplankton in concentrations has a definite bearing on the fluctuations 
of the East Anglian fishery. 

Part II of this paper is to continue the evidence in the southern part of 
the North Sea, and one feels that in Its complete form Phytoplankton and 
the Herring will fill one more gap in the knowledge of the herring and its 
movements. 

W. C. H. 

Early Forerunners of Man. By W. E. Lb Gaos Clark, D.So., F.R.C.S, 
[Pp. xvi 296, with 89 figures.] (London : Baillidre, Tindall & Cox, 
1934. 16«. net.) 

This volume is certainly one of the most important contributions to anthro¬ 
pology which has appf^ared in the last few years. The author has made 
use of the recent detailed studies of the morphology of the Primates and 
has written within a brief compass what may well be considered a com¬ 
parative anatomy of that branch of the animal kingdom. Such studies 
are apt to be rather dull except to specialists, but owing to the general 
philosophical attitude which Prof. Le Gros Clark has adopted he has avoided 
the pitfall of producing a mere detailed catalogue of systematic anatomy. 
He considers that the proper way to approach the problem of Man’s ancestry 
is to start far back in the geological record and to study the general trend of 
evolution of the various branches, in other words, as he himself says, to look 
at the matter in prospect rather than in retrospect. He emphasises the 
necessity of taking all the evidence, not merely a single line such as, for 
instance, the central nervous or the reproductive system. His evidence 
leads him to the conclusion that there has been much parallel evolution 
in the Primates and he stands a confessed believer in Orthogenesis. He 
cannot see that evolution proceeds by a mere chance working but rather 
as the result of the development of certain potentialities in the germ plasm, 
not perhaps quite moving in predestinate grooves like the tram in the Balliol 
limerick, but still circumscribed in possible lines of evolution. Of the ulti* 
mate mechanism he refuses oven to theorise but concludes “ if the mysteries 
of the living and evolving germ plasm are even deeper and more enigmatical 
than wo have been inclined to believe, it were better to recognise the fact/* 
In contrast to much that has recently been written about the ancestry of 
Man this is not a popular book, it presumes considerable knowledge of 
anatomy and is especially intended for the use of those whose studies have 
been lirdted to human anatomy. The work is most appropriately dedicated 
to Sir Grafton Elliot Smith whose own work in the subject combined with the 
enthusiasm which he has kindled in his students and colleagues is too well 
known to need elaboration in these columns. 

L. H. D. B* 


Elamantary Microteolmique. By H. Alan Pbaoook, M.Sc. [Pp, vii -f 
200, with 16 figures.] (London : Edward Arnold A Co,, 1986, 6s* 
net.) 

Qoitb a remarkable amount of information is contained in the 200 pages 
of this handy little book. A short introduotory account of the stnioture 
of animal and plant cells is provided in order to indicate the reason for micro* 
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86opic woric and the need for certain methods. It is intended for the use 
of teachers in schools and of sixth-form and firatryear University students. 
This aim it will fulfil well and indeed in those Universities where special 
aspects of Cytology and Histology are not stressed it will probably be suffi¬ 
cient for the ordinary pass student as far as practical microtechnique is 
concerned. It will at least furnish the backbone of the work and may be 
supplemented by notes upon special points. On one point we are not in 
agreement with the method suggested and that is in regard to honing a razor 
for microtome use. It is true that a skilled worker could do this with a 
Turkey stone and olive oil and it might serve to sharpen a razor for shaving. 
In ordinary hands an oil-stone is better fitted for sharpening plane irons 
and chisels than a microtome razor. 

The ordinary text-books on this subject are much larger—and, of course, 
cxjxmsive—and frequently contain so much material that is of interest to 
the specialist that the ordinary, standard routine methods are hidden* The 
present volume, however, contains the formulae for fixing and staining that 
are of general use and has the advantage of giving information as to where 
the material for ordinary purposes may bo obtained. We wish the book all 
success, for it fills a much-folt need and can be thoroughly commended. 

C. H. O’D. 

AGRICULTURE AND FORESTRY 

Fublicatlona of tha Institute of British Geographers* No. 1 ; 
Transactions, and No. 2 : The Paetoral Industries of New 
Zealand. By R. O. Buchanak. [Pp* xvi 99, with 9 graphs 
and 12 maps.] (London : George Philip & Son, Ltd., 1936. 7s. 6d. 

net.) 

A ooBiFRBBSNSivB treatise on fanning conditions and methods in New 
Zealand. The climatic and relief conditions of a country eminently suited 
to the growth of European animals and pastures ere discussed in detail 
and compared with those of the British Isles. An aiial3^is of the distribution 
of sheep and cattle shows that this is not conrolattMl with climatic conditions 
such as rainfall, but is dependent more upon the relief of the country. 

The author weighs the advantages of climate, fertility, etc., against 
the disadvantages of isolated geographic position and small population, and 
discxisses how the former has been largely overcome by improvement in 
refrigerating and chilling methods, and with the increasing efficiency of 
transport; and shows how the economic disadvantages of a small popu¬ 
lation (i.e. high wages) is counterbalanced by improvements in agricultural 
machinery, and in the diminished labour required under milder climatic 
conditions. 

He shows how the tremendous output of pastoral produce has caused 
the development of large factories and co-operative institutions for control 
and ease of marketing, and how that competition from other countries 
haa made the farmer and the dairyman pay special attention to zxiaintaining 
the highest possible grade products. 

In brief, this publication gives a remarkably clear and concise outline 
of farming conditions generally, and should be of interest not only to the 
geographic and economic expert, but to all those interested in agriculture. 
Bessides giving many useful figures and facts about conditions as a whole, 
it gives a very fair idea of probtems encountered, and the ways and means 



SCIENCE FBOOSESS 


674 


of overcoming these* There is a full appendix attached, which includes 
geological and climatic maps, tables and diagrams dealing with numbers 
and distribution of stock, grazing areas and exports. 


E. M. M. 


Forest Mensuration. By Donald JBnuoi:, B.A., M.F., and Francis X. 
Schumacher, B.S. American Forestry Series. [Pp. xvi + 360, with 
102 figures.] (Now York and London : McGraw-Hill Publisliing Co., 
Ltd., 1935. 218. net.) 

This text-book is one of tlie new American Forestry Series and it has to 
recommend it the high reputation of its authors in this particular comer of 
Forest Research. It is, however, an unusual book. The arrangement of 
material, familiar to readers of the older text-books, has l)e©n dispensed 
with and the student is no longer asked to consider first the measurement 
of individual trees both felled and standing, then the measurement of whole 
woods and finally the problems arising out of the determination of increment. 
Instead, he is offered, in a brief section at the beginning, a siimmary of the 
methods of direct measurement in the forest of diameter, height, volume and 
age, and at the end, in a longer but not wholly satisfactory section, a discussion 
on the prediction of growth and yield. 

The rest of the book, including Parts 2 and 3, is much fuller and more 
thoroughly worked out than the first and the fourth parts which have already 
been referred to, and it is easy to seo where the enthusiasm of the authors 
is centred. Part 2, entitled “ Direct Estimate by Sampling,’* gives an 
interesting and well>written account of elementary statistical methods and is 
illustrated by useful examples drawn from common problems in forest men¬ 
suration, while Part 3, ** Indirect Estimate based on one or more Independent 
Variables,” deals with graphical methods, the method of least squares in its 
application to forest mensuration, the transformation of curves into straight 
lines and the ** alinoment chaxt.” These parts will be of great service to 
the forest officer who has to deal in his office with masses of data, and will 
show him how to reduce these masses into order, and there is much informa¬ 
tion here that he cannot very well obtain elsewhere. For the man who has to 
take the measurements in the forest this book has relatively little to offer. 
The authors no doubt hold the view that in that case experience and not the 
text-book is the best of teachers. 

J. M. 


MEDICINE 

Raoplration. By J. S. Haldane, C.H., M.D., F.R.S., and J. Q. PBrnsTUBY, 
M.C., D.M., M.A. New edition. [Pp. xii -f 493, with 124 figures, 
including 17 plates.] (Oxford ; at the Clarendon Press ; London; 
Humphrey Milford, 1935. 30«. net.) 

Thcrtben years have elapsed since Haldane first published Beepi/roHonf 
and it is fitting that in a new edition Priestley’s name should be associated 
with him, for it was in 1905 that these two authors gave an account of their 
researches on the regulation of the lung ventilation, the foundation, it may 
fairly be claimed, of our modem knowledge of respiration. In these thirteen 
years our knowledge has expanded and this has entailed an extensive revision 
of the whole book. The reader taking up the book for the first tinvs and 
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giwomg perhaps at the chapter headmgs and the long bibliography at the 
end of the volume, may for a moment fear that he has to face fact piled 
on fact in pitiless sequence. But the book is far different from this. 
Throughout it there runs the idea, more fully developed by Haldane in 
his philosophical writings, that maintained co-ordination is characteristic 
of life. This guiding principle weids the book into a coherent whole. The 
regulation of the breathing and circulation to suit the varying necxls of 
the body, the transport of gases by the blood, the delicate adjustment of 
the hydrogen ion concentration within the body, the influence of changes 
in the composition of the atmosphere we breathe, are not treated as isolated 
and independent questions : they are taken in association with one another, 
so that as w© read we can see more and more clearly their true signifloanoe 
in the ordered complexity which we call life. 

This book is almost entirely based on experiments and observations 
made on man, and again and again we are shown how usefully the information 
gained by the physiologist con be applied to the elucidation of the effects 
caused by disease. If it gives us an insight into the progress that has been 
made in modem times in the study of htiman physiology it also emphasises 
the close interrelations that must always be maintained between physiology 
and medicine. It shows us too how the growth of physiological knowledge 
has enablof^l us to gauge more certainly the dangers which some have to 
face in their daily occupations and the measures by which these risks may 
be minimised—such risks as those of foul air and hannful dust encountered 
by the nhner, of the abnormally high air pressure to which the diver and 
caisson worker are exposed and of the reduced barometric pressure associated 
with high altitudes. 

C. G. D. 

Epidemics and Crowd-Diaeaaea. An Introduction to the Study of 
Epidemiology. By Major Greenwood, D.Sc., F.R.C.P., F.R.S. 
[Pp. 409, with 8 graphs and 74 tables.] (London: Williams & 
Norgato, Ltd., 1935. 21s. net.) 

Epidemiology is a science which concerns itself chiefly with epidemic 
phenomena which cannot bo explained merely by the summation of in¬ 
dividual effects whicli are more or less understock. It is an old science 
dating to Hippocrates and throughout its history it has been somewhat 
given to speculation and argumentation. The typical epidemiologist is a 
scholarly man with a severely logical, almost scholastic outlook, and nowada 3 rB 
he is usually a trained statistician. He thus usually triumphs in argument 
with his traditional antagonist, the experimenter, though the latter often 
gets his revenge in seeing the successful application of his work to communal 
problems. Prof. Greenwood is an epidemiologist of the traditional sort. 
He is severely logical, extremely well-informed and is one of our most dis¬ 
tinguished living statistioians. At the same time no living epidemiologist 
has had closer contact with the work of the experimenter, nor has done more 
to teach experimenters, particularly bacteriologists, to exercise logical and 
statistical discipline in their arguments. His book brings out very clearly 
the numerous and fascinating problems presented by epidemics and shows 
how useless it is at present to attempt to explain them in terms of the indir 
vidtaal. Many points of general inteireet are discussed such as the alleged 
momae in the incidence of oanoer, the deoUne in virulence of small^pox, 
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BOHirlet^fever and tuboroulosis. Tha historical chapters give an adxnlrable 
account of the development of epidemiological method and include sym* 
pathetic accounts of some of the pioneers of the subject* The author ex* 
presses the hope that the book will appeal to “all educated men and women 
interested in the communal aspects of health and disease and certainly 
it is not too technical for such readers. Its main popularity, however, is 
likely to be with health ofiftcers, bacteriologists, epidemiologists, statisticians 
and the general medical public. It is a happy combination of light and 
Rmiifling reading with solid instruction. 

c. a o. 

Illustrations of Regional Anatomy. ByE.B.JAMixsoN.M.D., Senior 
Demonstrator and Lecturer, Anatomy Department, University, Edin« 
burgh. (Edinburgh: E. & S. Livingstone, 1934. 30s. the set of 
5 voliimos.) 

This publication consists of a sot of five volumes of illustrations without 
text, boimd in loose-leaf form. They are intended, says their producer, 
to be used for reference during lectures, perhaps to be pasted in notebooks 
and perhaps to be coloured by the student as an exercise and as a method 
of memorising. In so far as any of these procedures may be desirable, the 
volumes admirably fit the intention. The drawings are accurate, the label* 
ling clear and copious, and the selection and in general the production such 
as one would expect of a teacher of Dr. Jamieson’s ripe experience. Nor 
would we offer any criticism of the somewhat original methods of learning 
which the use of these illustrations suggests. 

This publication may also be very useful to the teacher who from time 
to time wonders how best to illustrate his subject on the blackboard; for 
we unhesitatingly think that the pictiires and the selection of viewpoints 
are ideal. 

Even if we doubt whether the use of them will appeal to the majority 
of students, we have not the slightest doubt that a sot of these volumes is a 
valuable and beautiful possession. The limbs are not included but, no doubt, 
two volumes will duly be forthcoming to complete the set. 

Our congratulations to Dr. Jamieson on a distinctive production of 
permanent value. 

B. P. S. 


PHILOSOPHY AND THE HISTORY OP SCIENCE 

The Unity of Science. By Rudolf Cabnaf, Professor of Philosophy in 
the German University of Prague. Translated, with on Introduction, 
by M. Blaok. Psyche Miniatures, No. 63. [Pp. 101.] (London: 
Kegan Paul, Trench, Trubner & Co., Ltd., 1934. 2s. 6d. net.) 

Thb title of Prof. Carnap’s essay is somewhat misleading. His theme is 
rather “ the imity of the language of science.” No doubt the title«subjeot is 
partly involved in the thesis. But as the treatment is essentially logistic 
and linguistic, the actual unity of science is presupposed rather than made 
out. To the present writer it seems obvious that, the problem of the unity 
of science is much more likely to be dealt with fruitfully on the lines followed, 
say, in Dr. Wightman’s Science and Monism (see following review) than on 
the lines of essentially logistic and linguistic considerations. Pxof. Cexmfp 
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does not profess to have proved his thesis. The miniature essay hardly 
gave him suffioient scope for that. He has published a larger treatise on the 
subjeot» but the present reviewer has not yet seen it, and is consequently 
unable to judge. For the present it may be sufficient to place before the 
reader Prof. Carnap's own statement of his main aim, and only to add the 
remark that the essay imder review certainly makes interesting reading. 
“ The thesis of the unity of science {writes the author) has nothing to say against 
the practical separation of various regions for the purposes of division of 
labour. It is directed only against the usual view that in spite of the many 
relations between the various regions they themselves are fundamentally 
distinct in subject matter and methods of investigation. In our view these 
differences of the various regions rest only upon the uses of various definitions, 
f.e. of various linguistic forms, of various abbreviations, while the statements 
and words, the facts and objects, of the various branches of Science are funda¬ 
mentally the same kind. For all branches are part of the unified Science of 
Physios " (p. 101). 

A. Wolf. 

Science and Moniem. By W. P. D. Wiqhtman, M.Sc., Ph.D. With 
a Foreword by Srn Peboy Nunn. History of Science Library. [Pp. 
410.] (London : George Allen A Unwin, Ltd., 1934. 15s, net.) 

In his Foreword to Dr. Wightman’s book Sir Percy Nunn describes it as 
an able and thorough study of one of those great idecus that have infiamed 
the imagination and guided the inquiries both of philosophers and of men 
of ibienoe since the history of thought began." Not all readers of Science 
and Monism may agree with all the views expressed in its pages, but few can 
fail to appreciate its deep interest and breadth of competence. What is 
particularly attractive about Dr. Wightman's studies in the monistio ten¬ 
dencies of science is the happy blending of scientific and philosophic know¬ 
ledge. And it may be regarded as striking evidence of the value of the 
pioneer work of the University of London, in introducing higher Degrees in 
the History, Methods and Principles of Science, that it has stimulated the 
preparation of books like Science and Monism, It augurs well for a closer 
and more intelligent co-operation between science and philosophy than has 
been usual in the recent past. 

The book is divided into fo\ir parts. Part I gives a detailed history of the 
monistic concept in ancient, mediaeval and modem times to the age of 
Haeckel. As is but natural, a considerable amount of space is devoted to a 
study of Spinoza's pantheistic philosophy. Part II deals with monistic 
tendencies in science till the end of the nineteenth century. It examines 
critically such concepts or hypotheses as the unity of matter, the unity of 
natural forces, and the unity of life; and concludes with a discussion of 
Haeokers naturalistic monism. Part III surveys iihe data and concepts of 
natural science, under the headings of “ our knowledge of the external world," 
" the laws of nature," " the concepts of science," ** the notion of causality 
and the validity of induction." Lastly, Part IV describes the monistic 
tendencies in the twentieth century, and ends with a statement of the author’s 
tentative oonoktsions on the whole complex of problems. 

Dr. Wightman rightly stresses the importance of studying the history of 
soientifio and philosophic oancepts. Much current confusion is due to the 
negleot of much study. Among other things it is partly rei^ponsible for the 
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nmtual misunderstandings between philosophers and men of science. The 
book under review might well serve as a valuable help towards a better mutual 
iinderstanding. The present reviewer is so much in general agreement with 
the views expressed in Science and Monism that he feels no desire to criticise 
any of them. And ho warmly commends it to the attention of students of 
science and of philosophy, and especially to students of science, who are sure 
to find Dr. Wightman’s book more hotpful as an introduction to the philo¬ 
sophy of science than any of the spc^jial introductions written by philosophical 
specialists who are not in sufficiently close touch with the mental habits of 
the students of science. 

A. Wolf. 

Aristotle, Galileo, and the Tower x>f Pisa. By Lans Coopeb, Pro¬ 
fessor of the English Language and Literature in Cornell University. 

[Pp. 102.] (Ithaca, Now York : Cornell University Press ; London : 

Humphrey Milford, Oxford University Press, 1935. 7s, net.) 

The puri> 08 e of this book is to examine the evidence for the belief, current 
among a wide variety of writers, “ that Galileo, having ascended the loaning 
tower at Pisa, by a single dramatic experiment refuted an assertion of Aristotle 
that had not boon challenged since the days of ancient Greece, nor then,” 
The author especially enjoys himself with those writers who have supple¬ 
mented with a pictiiro the story of the dropping of the two balls of different 
sizes and their alleged simulttuieous arrival on the ground. Indeed, he 
makes the whole affair legendary ; for Galileo, he says, nowhere mentions 
the leaning tower or such experiments in his extant writings, the first mention 
of the experiment being made by Viviani, Galileo’s biographer, in 1664, 
that is, more than sixty years after the experiment is supposed to have been 
carried out (in 1690). Moreover, Stevin wrote in 1606 that ho and Orotius 
hod performed such an experiment formerly, and therefore at least half a 
century before there is any mention of Galileo carrying it out: and further 
still, the author contends, in criticising the usual versions of the Story, 
Aristotle “in his writings on physics never once uses the Greek word for 
‘ fall ’ in relation to speed.” Full references and complete original passages 
are quoted, including the passage in Galileo’s Dialogues concerning Two New 
Sciences (1638) on which the legend has been built and which attributes to 
Aristotle a statement that Aristotle never made. An exact and scholarly 
criticism of an important detail in the literature of the history of science. 

D. MoKis. 


Die Quaestiones naturales dea Adelardua von Bath. Herauige- 

geben tmd untersucht von Dr. med. et phil. Martin Mtiller, Privat- 
dozent der Geschichte der Medizin on der Universit&t Miinchen. 
Beitr&ge zur Geschichte dor Philosophio und Theologie des Mittelalters, 
Band XXXI, Heft 2. [Pp. viU -f 02.] (Miinster: Aschendorff, 
1934. EM.4.40.) 

Adelabd (or Aethelard) of Bath was the first Englishman to figure in the 
history of science. Very little is known about his life and activities. He 
seems to have travelled a great deal, and claimed to have come into personal 
contact with many learned men, in the near East as well as in the West. His 
principal work, Natural Questions, was written by him some time between 
nil and 1116, and in Latin, of course. It was first printed about 1476# 
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and copies of the text have been fairly difficult to procure. Moreover, the 
printed text was not edited with sufficient care. Dr. Muller has therefore 
rendered a service to students of the history of science in supplying a care¬ 
fully edited edition based on a collation of the principal manuscripts. It is 
true that English-reading students are fortunate enough to have on easily 
aooessiblo luid useful English translation of the Natural Questions in the late 
Sir Hermann GoUeuicz^s edition of Berachya’s Dodi Vemchdi (Oxford, 1920, 
pp. 85-161). But it is an obvious advantage to liave the original text at 
hand. Dr. Muller’s edition also contains (pp. 72-91) a helpful summary of 
the available information about Adelard and his work. The Natural Questiona 
range over a great variety of subjects—botanical, meteorological, psycho¬ 
logical and metaphysical problems are discussed in any sort of order. And 
the answers are for the most part given in terms of the “ four elements ** 
and similar Greek concepts. Adelard professed to have acquired his views 
from Arabian or Saracen thinkers. Some of his remarks throw some doubt 
on the sincerity of this claim. Biit in so far as it was sincere, it was probably 
true only in the sense that in his day the East was better acquaintcMi with 
the doctrines of the Greek philosophers than was the West. The most inter- 
esting feature of Adelard’s Natural Questions is its general tone rather than 
its detailed conttmts. It is, for its day, remarkably free from purely theo¬ 
logical explanations of natural phenomena, and does not take shelter behind 
any kind of “ authority ” as such. Without denying the plausibility of 
ultimately referring all natural events to the Divine Will, Adelard attempted 
consistently, if not very successfully, to explain natural phenomena by refer¬ 
ence to their natural causes. In this respect he showed a soientifio attitude 
of mind that was comparatively rare among his Christian contemporaries. 

A. Wolf. 

Dia Lahra von dar Bawagung bai Nioolaua Oraama. Von Ernst 
Borchert. Beitr&ge zur Geachichte dor Philosophic und Theologie 
des Mittelaltors, Band XXXI, Heft 3. fPp. xvi -f 112.] (Munster : 
Aschendorff. 1934. RM.5.60.) 

Nicolaus Okeshk lived in the fourteenth century. He was a native of 
Normandy, studied at the University of Paris, became Director of the College 
de Navarre, enjoyed the patronage of Charles V, and, after being Dean of 
the Cathedral at Rouen, was made Bishop of Liedeux in 1377. He was a 
noted translator and commentator of the works of Aristotle, and his dmt 
contributions to the study of motion were made in his commentary on 
Aristotle’s De Coelo et Mundo, Though essentially an Aristotelian, Oresme 
disagreed with Aristotle on various points, notably in holding tliat the Earth 
moved. Some twenty-five years ago Duhera, the well-known historian of 
astronomy, directed special attention to Oresme as the forerunner and 
inspirer of Copernicus. Duhem went so far as to credit Oresme with clearer 
ideas about motion than Copernicus subsequently had. Dr. Borchert has 
now given us a detailed account of Oresme’s conception of motion, in relation 
to the ideas of his predecessors in this field of study. The net result is that 
it is quite impossible to maintain Duhem’s view that Oresme anticipated or 
inspired Gopemious. It is true that Oresme, and even more so his oontem^ 
porary Buradin, advocated the view of a moving Earth; but his grounds 
were essentially theological, not strictly methematioal like those of Coper- 
nious. One of Oresme’s main reasons for believing in the Earth’s rotaticm 
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ooiwitted in his conviction that the sphere of the fixed stars* being so much 
nearer God (** The Unmoved *’)* must be at rest. Copernicus* on the other 
hand* based his views mainly on the scientific ground that Ptolemy's oalcula- 
iionSt baaed on the geocentric theory* were shown to be inaccurate by 
actual observaticms* whereas calculations based on the heliocentric hypo* 
thesis were both simpler and more in^aocordanoo with observations. 

One or two points of some historical interest may be noted here. (1) 
Oresme posited an infinite space beyond the sphere of the fixed stars. This 
supra-cosmic space he identified with the unmoved God. Long afterwards 
lai^ Barrow* Newton and others still identified God and Space. (2) Oresme 
insisted that although the movement of a body cannot be perceived or 
measured except by reference to another body in relation to which its position 
was changing* yet motion itself is something intrinsic in the moving body* 
a quality* “ accident,” or ” impetus ” within the moving body. This 
“ impetus ” might vary quantitatively within a body, just as its temperature 
might vary, quite independently of an observer's ability to note and measure it. 

A. WOX.F. 

Thras Philosopbars (Lavoisier* Priestley and Cavendieh). By 

W. R. Aykboyd. [Pp, xi -h 227, with 8 plates.] (London : William 

Heinemann (Medical Books), Ltd.* 1935. 10s. 6d, net.) 

This book is the outcome of Mr. Aykroyd's enthusiastic admiration for 
Lavoisier* but not so much for Lavoisier, the Newton of chemistry* as for 
Lavoisier* ” the virtual founder of the science of nutrition.” Priestley and 
Cavendish are brought into the picture as contemporaries whose work ” dove¬ 
tails ” with that of Lavoisier, though what they had to do with the so-called 
science of nutrition is not at all apparent. The biographical matter through¬ 
out has been industriously collect^ and is very well written : but the book 
cannot be regarded as a serious study of Lavoisier's labours. Indeed* the 
PttJaUtry Note describes the founder of modem chemistry as having ” con¬ 
tributed largely to physics and chemistry ” ! 

Priestley was not elected to the Royal Society as a result of the pub¬ 
lication of his History of Electricity (p. 40); Boyle's ” spagyrists ” appear 
on p. 46 as ” stagyrists ”: the statements on pp. 47~8 about the levity of 
phlogiston and about Mayow ore incorrect, and the date of Mayow’s TrackUus 
Quifique is wrongly given: the idea that it needed a Laplace to oonstniot 
the ” formidable ” equation in the famous Mimoire sur la chedeur is laughable 
(p. 105), although the description of this trivial piece of elementary algebra 
as ” formidable ” may help us to understand the author's imiark (p, 97) 
<m the use of statistical methods that ” graphs and figures are all very well* 
but what can be more accurate than the clinical impressions of a lifetime ? ” ; 
the middle compartment of Lavoisier’s ice-calorimeter (p. 106) did not con¬ 
tain a weighed amount of ice ; the statement on p. 214 about Priestley and 
carbon monoxide is incorrect; the first edition of Kerr's translation of 
Invoisier's TraiU appeared in 1790* not 1793* and in one volume, not in two 
(p* 219): and the reviewer is unable to xxiake anything of the statem^t 
on p. 94 that ” in modem times a scientific discoverer is apt to be rewarded 
by a professorship which compels him to devote most of his time to teaching 
second year medical students.” 

” 1872 ” on p. 130 should read ” 1782.” 


D. MoKns. 
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of Population. By Frank and Fbkdbriok Omoair. 

[Pp. xiii -h 460, with 64 figures.] (New York and London: Mac¬ 
millan & Co., Ltd., 1634. 15a. net.) 

POFTOATION changes are becoming of more and more interest, now that 
populations are tending to some stability in regard to total numbers. During 
the nineteenth century large increases in population accompanied advances 
in the technique of production and were accompanied by rises in the standard 
of living* The lower Birth and Death rates of the past 50 to 60 years are 
now focussing attention on the prospect of stationary or declining pqfm- 
lations in many large countries in the near future. The quality of these 
populations has received attention in the past, but the present nearness of 
this state of affairs means that the problem is no longer one of academic 
interest to grandparents, but concerns directly all those persona who are 
now of reproductive age. 

The most important single fact which emerges from this and other similar 
studies of populations is that where apparently stable conditions exist in 
regard to total numbers, in reality there are large and vital changes in struc¬ 
ture of population taking place continually. In a few years the proportions 
of the total in one group, ha it on age group, or a social group, or an occupa¬ 
tion group, or© altered in a remarkable degree. Populations are not stable ; 
the authors have chosen their title well. 

The study under review refers to the United States. The authors have 
examined in great detail the trends in population growth especially in re¬ 
lation to rural and urban communities, to social groups and to racial origin. 
The problem of the absorption of immigrant groups into the population of 
the United States is obviously most important. 

The authors point to the fact that the “ better ” typos of citixons are 
not supplying their proper quota towards population replacement. “ Many 
of the present varying rates of reproduction in American groups are bad 
from the economic, the cultural or the eugenic point of view.*’ On the 
other hand there is evidence of a capacity for more isolated and less-developed 
groups to acquire rapidly the attitude of the majority to current modes of 
behaviour, and thus the extreme difierenoes in fertility are expected to dis* 
appear. There is apparent a need for a greater study of the question whether 
the new generations will be of as good ** material ” in all senses of the term as 
past generations which have contributed to the greatness of the United States. 

E. 0. Rhox>3M. 

Tlia Problem of Noise. By F. C. Bartlxtt, M.A„ F.R.S. The Cam¬ 
bridge Miscellany, XV. [Pp. x -f 87.] (Cambridge : at the Univer¬ 
sity Press, 1634. 3s. 6d. net.) 

This little book of eighty-odd pages is an admirable appreciation of the 
present-day situation in regard to noise as an environmental factor of sig- 
nifioanoe to mental health, comfort and efficiency. Prof. Bartlett has ma^ 
an important contribution to the study of tlie problem by orientating the 
varied opinions, researches and special difficulties associated with this dis¬ 
tressing phenomenon of modem civilisation. 

He notes the gaps in our knowledge of the mechanism of sensoiy 
adaptation, and while he pleads for farther research he indicates the lines 
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on whioh a great deal can undoubtedly be done in individual oases* He 
rightly states that the practical problem is one not for the politician but 
for the architect, builder and engineer who should be called upon by publio 
opinion to keep abreast of scientific research and utilise at once such know¬ 
ledge as is already available, both for the lessening of noise production and 
for reducing its effect. In referring to certain investigations he draws 
attention to the work of Weston and Adams for the Industrial Health Re¬ 
search Board, who showed that in the face of very noisy conditions in in¬ 
dustry the use of ear defenders leads to a diminution in fatigue as indicated 
by increased output. Ho points out that in the construction of buildings 
considerable success in noise reduction or prevention is possible, and urges 
that the need for this to be done is particularly great in hospitals. 

The irritating and disturbing qualities of noise are connected with loud¬ 
ness, pitch, discontinuity, direction or lack of directional quality and the 
general backgrotmd on which the noise in question is superposed. 

No one who has road this book will disagree with the author when he 
states that the case for serious and organised attempts to reduce noise is 
overwhelming and the general impression ho leaves is that if such serious 

attempts are made success will attend them. _ _ 

G. P. C. 

Manual Skill, ita Organisation and Development. By J. W. Cox, 

D.Sc. The Cambridge Psychological Library. [Pp. xx -h 247, with 
53 figures.] (Cambridge : at the University Press, 1934. 10s, net.) 

This work constitutes an attempt to rationalise the approach to the problems 
of vocational guidance, selection, and training. The author has carried 
out a very detailed investigation on original linos and deals in particular 
with an analysis of the psychological factors determining ability to perform 
“ assembly work ” which is so commonly met with in modem industry. 

After a review of previous work on the subject in wliioh he points out 
the gaps in our knowledge of the psychological processes underlying manual 
skill he emphasises the need for a systematic analysis of the operations 
involved in motor activity and proceeds to describe his method of investiga¬ 
tion. He subdivides assembly work into two classes, namely work involving 
manual skill only, such as the straightforward routine manipulation of 
objects, and work in which the individual is called upon to apply his know¬ 
ledge and use discrimination in the aot of assembling the parto. The actual 
operation selected for the purpose of his experimental investigation was 
that of assembling the component parts and wiring on electric lamp holder. 
Tests for initial ability, effect of practice and the effect of training as dis¬ 
tinct from practice were devised and carried out on a group of about 70 
adults and 200 boys and girls from elementary schools. The analysis of the 
results of the tests showed that, in comparison with the effect on proficiency 
of the repetition involved in practice, a short period of training in the best 
methods of performing the operations not only facilitated and accelerated 
the acquirement of manual skill for the specific operations performed in the 
test, but enabled the subjects to approach other work with greater eMoienoy* 
This book is a notable contribution to the science of vocational psychology 
and should prove of interest and of value not only to scientific investigators 
in the same field of research but to industrialists who interest themselves 
in the placing and training of new employees. 

O* R* 0« 
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Metals as we ordinarily know them are assemblages of very small 
crystals, and it is, apparently, to this fact that they owe their 
strength. It would be interesting, but it would lead us far from 
our subject, to consider if a fine polycrystalline structure always 
makes for strength—if, for instance, a granite is always stronger 
than a large single crystal of any of its constituents. Be this as 
it may, it is a fact of experience that single crystals of metals, 
which have been carefully handled, are in all cases very soft, and 
that, in general, the strength of a metal is greater the finer its 
crystalline structure. The view has been put forward that between 
the crystals of a metal exists a layer of metal in the amorphous 
state—“ the interorystalline cement —to which the strength is 
attributed. There is little doubt now that a metal can exist in 
an amorphous state, as suggested long ago by Beilby. He based 
Im belief on certain phenomena connected with the flow of the 
surface layers of metals during polishing, and the nature of the 
films so formed. The method of electron diffraction has definitely 
proved the amorphous nature of this polished layer. 

This concerns conditions at the surface only. As regards the 
conditions inside a metal, it is clear that at the junction of crystals, 
arranged with their axes in random directions, there must exist a 
sheet of atoms which cannot strictly belong to either lattice, and 
it is probable that the oonfUct of directive forces, to speak in 
general terms, will extend for the distance of an atom or two, so 
that the layer appreciably departing from the stable lattice con¬ 
figuration may be not one, but a few atoms, thick. At the same 
time we must remember that the interatomic force dies off rapidly 
with distance, so that the disturbing boundary effect cannot extend 
very deep into the individual crystals. Therefore, on account of 
its extreme thinness, it seems unlikely that the amorphous layer 
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can be responsible for the strength, in the sense that the steel 
girder structure of a building is responsible for the streng[th, that 
is, because of the intrinsic toughness of the connected shell—this 
altogether apart from the fact that there is no real proof that 
metals in the amorphous state Are particularly strong. We shall 
have to look elsewhere for the secret of polycrystalline strength. 

The single crystal is, then, the brick of which metals are made 
without appreciable mortar, and it is with the properties of the 
single metalhc crystal that we shall be mainly concerned in this 
article. Postponing for a moment the consideration of how such 
crystals can be prepared, and of their more detailed mechanical 
properties, we are met straight off with two fundamental facts 
which are so far not explained in a really satisfactory manner, in 
spite of the great amount of attention they have received. They 
are, firstly, that single crystals are very soft, and secondly, that 
any distortion, such as bending, tension, hammering or the like, 
makes them very much stronger. My lamented friend K. W. 
Hausser prepared single crystals of copper in the form of rods 
6 mm. in diameter, which gave the dull sound of lead if dropped 
on the table, and which bent in the hands like lead. After a little 
such manipulation, however, such a rod became so hard that it 
could no longer be bent. A single crystal bar 16 mm. in diameter was 
easily bent a little, with difiSculty bent into a semicircle, while an 
athlete coxild not bend it back into its original straightness. Such 
large specimens make sensational examples of the hardening, effect 
of strain on single crystals, but the effect has been quantitatively 
established with ordinary single crystal wires. At atmospheric 
temperature the hardening effects are, with metals of similar crystal 
structure, the more pronoimced the higher the melting point of 
the metal, althoiigh the rule has its exceptions. With nickel the 
effect is particularly marked (Fig. 1). 

The weakness of the most perfect single crystals that we can 
make is the more remarkable in that theory in^cates that regular 
crystals should be very strong. The only case that has been worked 
out theoretically in detail is that of a simple ionic crystal, such 
as sodium chloride, consisting of equal numbers of positively and 
Amatively charged atoms (ions). For rook salt, theory indicates 
a strength, for pull along the axis of four-fold symmetry, of 
20,000 kg.wt./om.*, which is about 1,000 times that observed 
experimentally imder ordinary conditions. The case of crystals 
where all the atoms are electrically similar—the so-called non¬ 
polar type of structure—is much more difficult to treat mathe¬ 
matically, whether we are dealing with non-metallic crystals, such 
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as diamond, or, still worse, with metals, whwe the oonduotion 
electrons, of whose behaviour so little is still known, complicate 
matters. A very rough estimate of the kind of figure to be expected 
for the strength can, however, be made from general energy con¬ 
siderations, as pointed out by Polanyi [1]. When a rod, for instance, 
is extended to the breaking-point, two new surfaces are formed, 
and, supposing we assume that the surface energy of these new 
surfaces is equal to the elastic energy stored in the crystal at the 



Fia. 1.—Hardening of single crystals with glide, for various metals (after £. Schmid). 

moment of breaking {i.e. the work done stretching it to this point), 
we can write 

= 2y 

where F is the breaking stress; d the extension, at breaking point, 
of a length equal to the intermoleoular distance a ; and y the surfiaoe 
tension. 

Further, if Hooke’s law holds up to fracture and £ is Young’s 
modulus, then 

F 

a 

so that F» 

Approximate estimates of the surface tension of solids can be 
made, by extrapolating from the liquid state. We are confirmed 
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in our opinion of the reliability of such estimates by the fact that 
in the case of simple ionic crystals the surface tension can be 
calculated, and agrees roughly with the values obtained from fused 
salts. The value of y being known, the above formula gives us a 
value for F. 

An estimate can also be made of the ultimate shear strength 
by considering that when one half of a perfect crystal is sheared 
over the other, in the direction z, the shear must vary periodically, 
approximately harmonically, as the rows of atoms are moved past 
one another, reaching zero at intervals equal to the interatomic 
spacing. Thus 

. 27tz 

a ---- sm —, 

a 

where <To is the maximum shear 

and o = G- 

a 

z . 

where G is the shear modulus so that approximately, since - is 
small, 

G 

OTj — — 
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which gives us a numerical value. In the caae of both tensile 
strength and shear strength the values obtained from these simple 
calculations (and, in the case of rook salt and such crystals, the 
more precise values obtained by much more elaborate methods) are 
about 1000 times as great as those measured experimentally. 
This discrepancy is the first of our great problems. 

The first stage in experimental investigation of the two problems— 
weakness of the unstrained orystahand hardening bystrain—is clearly 
the preparation of imstrained crystals which shall give consistent re¬ 
sults. Single crystals of metals—lead, tin and solid mercury—were 
prepared in 1914 [2], by simply heating wires of the metal above the 
melting point, and letting them cool slowly. The oxide film holds 
the wire together. Since then many other methods have been 
evolved—that of recrystallisation after plastic deformation, used by 
Sir Harold Carpenter and Miss Elam to prepare single crysteds of 
aluminium [3]; that of crystallising molten metal contained in a 
tube from a point, used in a variety of forms by many workers [4]; 
that of withdrawing from the molten metal, contained in a crucible, 
a fine rod, on the point of which a crystal forms, used by 
Czochralski [5]. Some of these methods, at any rate, do not give 
very consistent results. Dr. Roscoe and I [6] have found that. 
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with soft metals, at any rate, the best results can be obtained by 
a method, whioh oonsists in drawing a small fumaoe, main¬ 
tained at some degrees above the melting point, along an evacuated 
glass tube containing the metal wire. The diameter of the tube 
is about twice that of the wire, which is therefore not strained, 
while the curvature helps to maintain the molten metal in wire 
form. By suitably adjusting the temperature gradient and the 
velocity of the travel of the furnace along the tube, single crystal 
wires of any length can be obtained, which give more uniform 
results than have been obtained with crystals made by other 
methods. The reason seems to bo that crystals prepared in this 
way are free from strain, whioh is clearly not the case with, c.jr. 
crystals prepared with the metal tightly enclosed in a tube. 

In general, when a single crystal wire is stressed beyond a 
certain limit, slip, or glide as it is generally called, takes place 
along a set of parallel planes, which make their appearance as 
elliptical traces on the surface of the wire, as was first shown in 
1914 [2], The conditions determining glide have been worked out 
by Polanyi, Schmid, G. I. Taylor and others [7]. These conditions 
are simplest in crystals of hexagonal structure, for in this case 
glide takes place preferentially on a set of parallel planes, the basic 
planes of the hexagon, whioh are unique in the crystal. On the 
other hand, with cubic crystals, for instance, there are four equiva¬ 
lent sets of (111) planes, whioh leads to complication, for, according 
to the direction of pull, glide may take place on two or more sets 
either simiiltaneously or successively. In the case of body-centred 
cubic crystals there are further complications. Taking hexagonal 
crystals then, not only does glide take place in one particular set 
of planes, but in one particular direction in those planes. This 
direction is one of the three digonal axes, the one, in fact, whioh 
is nearest to the direction of the tensile force. This slipping on a 
imique set of planes leads to peculiar flattening of the originally 
cylindrical wire : in the case of cadmium, where extensions of 
600 per cent, are possible, the wire may become a flat ribbon. 

In extension experiments carried out with wires, the two ends 
are held fast in clamps, while a load is applied in a fixed direction, 
whioh is that of the original wire. The glide planes in and near 
the clamped part of the wire remain, of course, fixed during the 
experiment. If glide took place throughout the whole length of 
the wire on a series of parallel planes, the axis of the wire would 
take up a new direction, as shown in Plate I (i), where (a) shows 
the wire before glide and (6) how it would be after glide, if simple 
glide had taken place on the same series of planes. This is, of 
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course, impossible when the pull is maintained in a fixed direction. 
We therefore have a region in which the planes are deformed, 
so as to keep the axis in a fixed direction, as shown in (c). Plate 
I (ii) is an actual photograph of a cadmium wire, showing the 
region of adaptation. In the main part of the wire therefore, 
the angle % (see below) steadily decreases with increasing exten¬ 
sion. 

If a large number of crystals be prepared, it will be found, in 
general, that the least force required to cause glide to begin varies 
from crystal to crystal. This is because the angle between glide 
plane and axis of wire, and also between glide direction and axis 
of wire, varies from crystal to crystal. The simple law, due to 
Schmid [8], is that it is the component of the force resolved in the 
direction of glide, divided by the area of the surface of glide, that 
is the determining factor, or if % is the angle which the glide plane 
makes initially with the axis of tension (axis of the wire), A the 
angle which the glide direction makes with the axis (which may 
be the same as, and in any case is not very different from, x)y then 
the stress F (force per unit area normal to the axis) required to 
initiate glide is given by S = F cos A sin x, where S is a constant 
known as the critical shear stress. The normal stress N = F sin* x 
is without influence on the glide, but determines brittle ruptvu%, 
as originally discovered by Sohncke with rock salt as far back as 
1869. N and F may vary in a different way with the temperature : 
Thus Roscoe and I have found that crystals of bismuth which are 
brittle at room temperature glide fieely at temperatures near the 
melting point, because whereas at room temperature, over a range 
of values of x, N reaches its critical value before S does, at high 
temperatures, with the same range of x> S reaches its critical value 
before N does as F is increased. 

The critical stress law has been roughly proved with the hexa¬ 
gonal metals by Boas and Schmid and others, but there were wide 
random divergencies even with crystals of one batch, while with 
cadmium, for instance, crystals prepared by Czochralski’s method 
varied in behaviour according to the rate at which they were 
drawn [9]. Roscoe and I have found that crystals prepared by 
our method behave very consistently, and we have confirmed 
Schmid’s law with considerable accuracy. 

The critical shear stress having been reached in a plastic crystal, 
the crystal glides by a small given amount, and gradually comes 
to rest. To make it glide farther, the stress must be increased. The 
elastic recovery on unloading is very small, so that we may say 
we have a plastic deformation, in which hardening takes place with 
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inoreasing glide, glide being measured as the relative displacement 
of two parallel planes unit distance apart. 

The observed effect is, however, complicated by the fact that, 
if a large stress be applied, the wire will flow plastically, but at a 
rate which stearflly decreases. Again, owing to the rotation of the 
planes which accompanies extension there may be the so-called 
geometrical hardening, due to the fact that the resolved shear 
stress varies. If the angle % is greater than 46° there will be a 
geometrical softening. Allowance can be made for this, however, 
by taking the shear stress resolved in the direction of glide. The 
type of curve we obtain may be illustrated by Fig. 2, which shows 



Fio. 2.—Hardening of a single crystal of cadmium with glide on one set of planes. 

plastic flow of a single crystal of cadmium, gliding on one set of 
planes. 

The elucidation of the connection between hardening and glide 
is made diffi cult by the fact that the hardening is not a function 
of the amount of glide, but also of the rate of glide. How¬ 
ever, after considerable glide has taken place the rate seems to 
have a deoreasingly small influence, which simplifies things, but a 
consideration of the details the laws of hardening would take us 
beyond our space. 

Let us now return to the question of strength, as represented 
by the critical shear stress. The theoretical figure should be round 
about 6 X 10‘ gm.wt./mm.*. The figures given by Schmid are of 
the order of 100 gm.wt./mm.*, e.g. copper 100, silver 60, mag¬ 
nesium 83, zinc 94, cadmium 68 gm.wt./mm.* With very pure 
unstrained crystals, however, lower values are obtained, e.g. we 
have found 17 gm.wt./mm.* for very pure cadmium, and about 
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9 gm-wt./mm.* for very pure merouiy. Mr. Hutchings, Mr. Green¬ 
land and I have worked with single crystal wires of solid mercury 
(generally at about — 60° C.) because this metal can be obtained 
absolutely gas free and very pure—we estimate our impurities at 
about 1 in 10*. This, we thinks disposes of the suggestion, often 
made, that imptuities or dissolved gas play a prominent part in 
the anomalous properties of metals, by causing irregularities in 
the lattice. Plate I, (iii) and (iv), represent single crystal wires of 
mercury, (iii) in the early stage of glide, and (iv) after considerable 
glide has taken place. The latter picture shows the nature of slip 
bands very well [9a]. 

The perfect lattice should, firstly, be very strong, and secondly, 
as Polanyi has pointed out, if the yield took place in the way to 
be expected from the ideal lattice, the applied forces and crystallo¬ 
graphic forces should be in equilibrium at the moment where 
plastic deformation begins, and the elastic modulus should be 
zero, whereas Hooke’s law holds roughly up to oonunenoement of 
permanent deformation. On this view, then, the crystal yields 
prematurely, long before this stage is reached. Some hypothesis 
of a type which we may call “ theory of the weakest link ” is 
necessary. We have to consider separately the strength of a brittle 
crystal, and that of a plastic crystal, for the problem is clearly 
dijBerent in the two oases. 

Some very important observations were made some years ago 
by Griffiths [10] in his work on the tensile strength of threads of 
quartz and glass. Griffiths found that freshly drawn threads were 
very much stronger than old threads, but that they gradually lost 
their strength, and came down to the normal low value. He 
assumed that the weakening took place by the formation of small 
Biuface cracks, which normally exist, but which are absent in a 
freshly drawn thread. Inglis [11] has pointed out that a crevasse 
in an elastic solid very much weakens that soUd by virtue of the 
concentration of stress about the region of greatest curvature. 
For an elliptic hole in a plate, the tension in this region is 
given by 

Tj == 2t Vc/p 

where t is the tension a long way from the crevasse (or which 
would exist in the absence of the crevasse), of length 2c, p being 
the radius of curvature. Clearly in the case of an atomic structure 
a lower limit for p is given by the interatomic distance o, so that 
if we suppose rupture to take place when the stress in tto neigh¬ 
bourhood of the end of a submicroscopic crack reaches the theesrat- 
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i6al limit, then the actual measured breaking strength S is given by 

^ 

F( being the theoretical strength. The exact value of the constant, 
here written is not important: other ways of deducing the 
formula, e.g. from energetic considerations, give slightly different 
results for it. 

The weakening effect therefore depends on the depth of the 
crack, which can be worked out on the assumptions embodied in 
the above formula. For quartz glass and ordinary glass Griffiths 
found the value of 1 to 2 /x, which is a reasonable depth for these 
faults. For rock salt and metals, however, the values required 
for the depth of the crevasse or crack come out impossibly large, 
t.e. several millimetres. For zinc, for instance, we find 2a — 1-1 cm., 
which can scarcely be the case in a wire a millimetre in diameter. 
This is a difficulty which must now be considered. 

We must remember that the theory really applies to brittle 
rapt\u% only. If the material behaves plastically the whole basis 
of the theory is removed, since it presupposes a substance which 
behaves elastically. This can be shown with strips of paper and 
of celluloid. If a transverse crevasse be cut in such strips, and 
their strength be compared with strips of equal carrying breadth 
6 = — 2c where 6^ is the breadth of the pierced strip, the 

paper will be found to be much weakened, but the strength of 
celluloid is much the same. The paper tears from the sharply 
curved ends of the crevasse, but examination shows that in the 
celluloid tearing does not take place because the celluloid yields 
plastically in the region of greatest curvature, and reUeves the strain. 

Before we proceed to look into the quantitative behaviour of 
a ciystal which glides—that is the plastic behaviour of a crystal— 
let us see if there is any direct experimental evidence for the 
existence of Griffiths craob. Let me first quote an experiment of 
Orowan’s concerning mica [12]. If a strip of tliis substance is 
loaded by means of clamps which extend across the whole width, 
so that the edges are stressed, the maximum strength is found to 
be about 3000 kg.wt./cm.'> If, however, it is loaded by small 
clamps set near the middle of the sheet, so that the edges are stres- 
froe, then the strength goes up to 82,000 kg.wt./cm.*. The cleavage 
faces of mica are unusually perfect, but the cut edges are clearly 
full of small cracks : the experiment shows that if we avoid stress 
in the regions of trivial cracks the strength increases more than 
tenfold. When, in the crystal stressed with small clamps, cracks 
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do appear in the face, they run into the principle cleavage plane, 
and the crystal is saved, which seems to be against the theory 
of Lockerstellen, mentioned later, as a cause of weakness. 

A direct proof of the existence of invisible surface cracks on 
apparently perfect surface of glass, quartz glass and other sub¬ 
stances is furnished by some experiments carried out by Dr. 
Martindale and myself [13]. In these experiments a very thin film 
of metal, silver or gold, is deposited on the surface, and the sub¬ 
stance is then maintained at a temperature in the region of 300° C. 
The thin metal begins to form minute crystals, which appear in 
well-defined lines on the surface, although the most searching 
methods of illumination fail to reveal any scratch, even at the 
highest magnification, as shown in Plate II, (ii), which represents 
silver crystallites on the surface of quartz glass, with very strong 
grazing illumination, at a magnification of x 1000. If the metal is 
then dissolved away, the surface carefully cleaned by the most rigor¬ 
ous methods, and a fresh metal film deposited and heated, the minute 
crystals form once more on the same lines. If, however, the surface 
be lightly polished, then the lines do not form, neither do they form 
on the very perfect cleavage faces of mica. The only explanation 
seems to be that the minute crystals are forming on submicroscopio 
surface cracks. This hypothesis is strongly confirmed by using 
surfaces of the two types of diamond described by Sir Robert 
Robertson, J. J. Fox and A. E. Martin [14]: one type is believed 
to possess a perfect structure, and the other a structure containing 
planes of misfit, or flaws. On the surface of the one type (Plate II* 
(iii)) the crystallites appear in random positions,^ on the other 
(Plate II, (iv)) they form in lines. 

Slightly more indirect evidence of surface cracks is furnished 
by some experiments of Roscoe’s [15]. He found that a very 
thin coat of oxide, a few tens of molecules thick only, increases 
the critical shear stress of cadmium wire to as much as double the 
normal value. The effect cannot be due to the strength of the 
layer of oxide, since this is far too thin, and further, the strength 
does not increase with the thickness of the layer, once a certain 
small thickness has been reached. It seems natural, therefore, to 
attribute it to the filling in of the sharp comers, if not of the whole, 
of the submicroscopio cracks by the oxide. 

Griffiths' theory, then, can be adopted to give reasonable results 
for brittle rupture, but fails for plastic yield, which, for instance, 
takes place with single crystals of metal in general, and with rook 

1 The clear-cut triangles are surface pits, which are often found on natural 
crystal faces, and have nothing to do with the point under disoussioiu 
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salt. It fails because the crystal will not stand up until it is valid : 
it is like a boxer on whom his opponent’s theory fails because he 
moves his face back, away from the glove. 

We have to consider, then, the mechanism of glide and harden¬ 
ing. It has already been pointed out that a perfect crystal cannot 
glide, still more glide under small forces, and of recent years many 
types of imperfection have been put forward as representing the 
structure of real crystals. A theory that has attracted attention 
is that put forward by Zwicky and his collaborators [16], which 
states that the perfect crystal lattice is inherently unstable, or, 
more particularly, that at more or less regular intervals the spacing 
of the planes deviates from the normal value, by reason of thermo¬ 
dynamic necessity. To help us to understand Zwicky’s ideas we 
may recall that the spacing in a three-dimensional lattice is different 
in the body of a crystal from what it is at a crystal boundary, 
as proved mathematically by Lennard-Jones [17]. Zwicky calls 
this postulated arrangement, in wliich the crystal is divided up 
into little blocks by a secondary lattice, or structure of differ¬ 
ently spaced planes, occurring at intervals of some thousands 
of atoms, a mosaic structure. He has spent much ingenuity in 
defending his ideas, but it seems certain nowadays that the theory 
is untenable. In the first place Orowan has shown that the mathe¬ 
matical reasoning by which it was sought to establish the instability 
is invalid, and in the second place, while many crystals show surface 
marks of various kinds spaced at distances of the order of 10"~* cm., 
which is about the size demanded by Zwicky for his mosaic blocks, 
Renninger has been able to demonstrate that there are rock salt 
crystals which are perfect, which disposes of the theory of essential 
instability. 

Although a mosaic structure, in Zwicky’s sense, cannot be 
sustained, there is no doubt that perfect crystals are exceptional, 
and that all crystals which are ordinarily the subject of experiment 
contain flaws of some kihd. The matter has not been made any 
easier by the multiplicity of terms that have been used in discussing 
these faults, sometimes without any very clear definition. We have 
the Lockeratruktur (or loose-structure) of Smekal [18], the lineage 
structure of M. J. Burger [10], and the terms block structure and 
secondary structure which have been fairly widely used. As long 
ago as 1914 C. G. Darwin [20] pointed out that the intensity of 
X-ray reflection could only be explained by a slight variation of 
the orientation of the crystal surface from place to place, so that 
the crystal face is something like a parquet floor in which the 
different blocks have not been set quite flat. Burger has shown 
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that when a crystal grows there is a slight branching here and 
there, so that small differences of orientation take place. There 
seems no reason why such structural imperfections as these should 
weaken the crystal—in fact, from analogy with polyorystalline 
mass, they might strengthen it. 

“ Lookerstruktur ” is rather a vague term and I have not been 
able to find any very precise definition as to what is implied by it. 
The “ looseness ” may, apparently, be anything from a Griffiths 
crack to the change of lattice between “ blocks ” in the hj^jothetical 
block structure. If the looseness is an actual gap, then it is only 
effective if it is a long thin gap like the Griffiths crack : a spherical 
or cylindrical cavity produces a comparatively small increase of 
stress in its neighbourhood. Another looseness is that contemplated 
by Smekal in his theory that a real crystal consists of blocks of 
ideal crystal loosely held together. Not only is there no definite 
experimental evidence for this structine, but, as Orowan has pointed 
out, it would imply, since the surface of the wire, say, consists of 
the surface of blocks, that the surface energy should bear to the 
theoretical surface energy the same proportion as the experimental 
strength bears to the theoretical strength. While the methods of 
estimating the surface energy of solids are approximate only, yet 
they could not fail to reveal an effect of this magnitude. 

The most promising conception of the mechanism of glide seems 
to be that based on quite a different kind of irregularity. As 
Orowan htis pointed out, while with rupture the surface energy 
increases, which needs a supply of energy, with glide there is, 
apart from hardening, only a slight change of energy. This is 
consistent with an irregularity, *.e. a deviation from the ideal 
structure, being propagated along a glide plane leaving everything 
behind it much as it was, except for an advance of one part of the 
crystal relatively to the other by an atomic spacing. The same 
general type of irregularity, capable of fulfilling this condition, has 
been put forward independently by Polanyi [21], G. I, Taylor [22] 
and Orowan [23]. It is suggested that, somehow or other, within 
a certain space an atom is missing from the normal spacing, so 
that there are, for instance, nine atoms against ten. We might 
call this a “ vernier spot,” or a “ place of misfit.” The position 
is differently represented by different workers ; Polan 3 d and Orowan 
picture the state of affairs much as shown in Pig. 3, while 6. I. 
Taylor, who has given the most precise presentation of the mechan¬ 
ism of glide, prefers to have one atom space completely blank, 
and to represent the blank space as becoming less and less in 
successive rows until we have normal spacing once again, with a 
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oorresponding slip of one atom at the edge (Fig. 4). He calls such 
a place a dislocation, and distinguishes two sorts, according as the 
“ healing ” takes place in one direction or the other. These he 
calls positive and negative, but it must be understood that this 



Fio. S.—Dislocation propagated from a minute crack, as pictured by Orowan. 

merely distinguishes opposed kinds: if a single dislocation is 
pointed out no one can say if it is positive or negative, but once 
one has been named, the others are defined for that particular 
crystal. Each vernier spot, or dislocation, is clearly surrounded 



a. 6. c. 

Positive Dislocation. 



Fio. 4. —G. I. Taylor’s piotnre of the propagation of a dislocation. 

by a field of stress. It can be shown that when a stress is applied, 
the dislocation runs along the plane, and over the distance through 
which it has travelled the whole crystal above the plane traversed 
is stepped by an atomic spacing relative to that below the plane, 
as represented in Fig. 4. How the dislocations originally arise is 
not known, but we may regard them as frozen temperatiue fluctua¬ 
tions, or frozen Brownian movements. 

Taylor’s theory is constructed to expkin shear hardening. The 
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elastio forces round like dislocations repel, while unlike dislocations 
attract. Consider dislocations in neighbouring planes. Under an 
external force the unlike dislocations, which would tend to stop 
opposite one another, can be drawn past one another, and if the 
separation of the neighbouring planes exceeds a certain distance, 
the force being maintained, the dislocations escape from one another. 


GA 

The force required is given by where h is the distance between 

the paths of the two dislocations, normal to their direction of run, 
and A is the atomic distance, G the rigidity modulus. The nearer 
the paths of the dislocations, the greater the force required to produce 
3 neld. Taylor assumes a more or less regular distribution of dislo¬ 
cations, and considers a displacement of the positive lattice relative 
to the negative one. He further assumes that the distance which a 
given dislocation can run is limited by a sjrstem of flaws, at average 
distance L from one another. From these assumptions he arrives 
at a parabolic hardening law, t = where N is the number 

of dislocations, which is proportional to hr^, and is a constant. 
Assuming further that the shear strain is proportional to the number 


of dislocations we get r — kiVa, where a is the glide. This assumes 
implicitly that extra dislocations can appear under extra stress, since 
N acts as a parameter. It is possible to get an estimate of the 
order of magnitude of the separation of the flaws which hold up the 
run of the dislocations. It comes out to be 1 — 6/i, which is of the 
order of certain spacing marks observed on actual crystals. 

The theory is extremely elegant, but admittedly makes some 
rather artificial assumptions, chosen for ease of mathematical 
handling. It scarcely attempts to give an aocoimt of certain of 
the most sinking phenomena of actual glide, in particular of the 
formation of definite slip bands. The nature of the flaws which have 
to be postulated to limit the passage of the di slocations is not very 
specific, and it is difficult to form a picture of them which shall 
comply with observation by letting the dislocations pass more 
easily the higher the temperature. Again, in the particular form 
put forward by Taylor, it gives a parabolic law of hardening, which 
holds for certain metals only. 

Orowan’s view of glide [23] is somewhat different, and mathe¬ 
matically less precise than Taylor’s. He attributes an essential 
part to surface cracks, and supposes that, in a loaded crystal, the 
effect of a sharp edge of a crack, combined with thermal fluctua¬ 
tions, is to produce momentarily a very high local stress, of the 
order of the theoretical stress necessary to produce yield in a 
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perfect lattice, although the mean actual stress may be a very 
small fraction of this. Local glide then takes place, producing a 
dislocation in the way shown in Fig. 3. This dislocation is then 
propagated much in the way described by Taylor. Whereas in 
brittle rupture the crack itself grows, in plastic glide a dislocation 
runs from its edge, leaving the crack much as it was, but producing 
a displacement of all the crystal above it in the diagram by one 
atomic spacing to the left. The high local stress may attack 
closely neighbouring planes, or more than one dislocation may 
travel, at intervals, along the same plane. 

It seems easy to apply Orowan’s ideas to the glide which 
produces the actual slip bands observed. I cannot help thinking 
that these slip bands have a fundamental importance. As Rosooe 
and I have shown with lead, their spacing follows a probability 
law, as is perhaps only to be expected, but the mean sepauration 
is to a great extent a characteristic of the metal, being independent 
of the rate of extension, of the diameter of the wire, of the amoimt 
of extension and of the temperature within certain limits. The 
separation of the slip bands is about 4 x 10~* cm., which incidentally 
is of the order calculated by Taylor for the free runs of his dis¬ 
locations. I would like, therefore, to be able to modify Taylor’s 
theory so as to allow the dislocations to run right across the metal, 
from side to side. In this connection the behaviour of slip bands 
in lead, illustrated in Plate II (i), is suggestive, as the reluctance of 
close bands to pass one another is strongly reminiscent of the 
theory. This leaves, however, the difficulty of hardening. It 
seems possible to found a theory of hardening on the basis of an 
important fact which has been established by W. G. Burgers [24], 
that shearing of an aluminium crystal distorts the planes of the 
lattice, in such a way as can be explained if the planes of slip are 
not ideal lattice planes, but have local irregularities where portions 
of the crystal are, as it were, broken off and rotated under the 
shear. It is natural to suppose that such fragments will exert a 
blocking action. A similar ^tortion on the glide planes has been 
established with polarised light in the case of rook salt, and the 
actual passage of the distortion has been watched. The picture 
of a mathematical dislocation running along a perfect plane seems 
too ideal! If the nattural unBawed crystal is hard, but contains 
planes of easy flow, amross which dislocations can run, then glide 
on these planes will be made more difficult by crystalline frag¬ 
ments tom off and rotated in the way just desorilM. The dis¬ 
location may start at surface cracks, as suggested by Orowan, so 
that what we require, in this case, is a distribution of more or less 



SOEBNCS PBOaBBSS 


608 

regularly arranged surface cracks, spaced at a few times 10~ * cm. 
apart, all of about equal size with some metals, but varying very 
much in size with others, since in some metals the stress-strain 
relation follows a linear law, while with others the law is parabolic. 
A hardening by “ block rotation ” will explain very easily how it 
is that glide on one set of orysti^ planes hardens the crystal fpr 
glide on another set. 

The matter obviously cannot be adequately discussed here, but 
it may be mentioned that with aluminium frosh slip bands appear 
as the force increases, while with certain other metals, lead and 
cadmium for instance, after an initial slip all the glide takes place 
on the bands already formed. A linear law of hardening on each 
dip band will then give a parabolic law for aluminium and a linear 
law for the other metals quoted, which agrees with experiment. 

FinaUy, we may consider what must be, from the technical 
point of view, oiir ultimate object, how to explain the properties 
of ordinary crystalline metals in terms of the properties of single 
crystal. Here little more than a first beginning has been made. 
An interesting fact is that for very fine wires or tbr'tads of certain 
substances—^glass, quartz, selenium, resin—the riltimate tensile 
strength is much greater than it is for the substance in bulk. These 
substances are amorphous : the effect has been established for fine 
crystal threads in the case of the inevitable rock salt, but not fcur 
metals, except in the case of antimony threads. Orowan interprets 
this to mean that the depth of the Griffiths cracks must diminish 
with the linear dimensions of the specimen, and points out that 
the effect commences when the specimen is of the order of the 
depth of the crack estimated for large specimens, e.g. at &ft with 
quartz, where the depth of crack is If the origin of the 

cracks is some kind of strain in the material the diminution of 
depth with size can be understood. 

Let us now turn to ordinary metals. We know (a) that the 
polycrystal is much stronger than the single crystal; (fc) that the 
finer the grain the stronger the polycrystal. We have a general 
explanation of this if we consider that the crystalline cracks are 
held up at the crystalline boimdary, as, in fact, we have seen they 
are with mica. Orowan [26] concludes, from general considera- 
tions, that the strength should be inversely proportioned to the 
square root of the average linear dimensions of the grains. As 
the calculation assumes no plastic flow, we can only expect it to 
be valid for brittle ruptture. There are some experiment of Maeing 
and Polanyi [26] on zinc at liquid air temperature which agree as 
well with Orowan’s formula as can be expected in view of the 
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approximate nature of the measurements. As regards the com¬ 
parative toughness of the polycrystalline metal, when it comes to 
plastic flow it is clear that the random arrangement of adjacent 
crystallites, with their glide planes in different directions, leads to 
a jamming which renders glide difficult. Nevertheless, a certain 
amount of glide can take place, although, no doubt, there may 
have to be a bending of the crystal planes in the course of the 
adaptation. I showed, many years ago, that if we apply constant 
stress, we can produce a flow which gradually diminishes to a 
constant value, and put forward the idea that in the early stage 
of the flow we have a rotation of the crystallites, coupled with a 
certain amount of glide, and in the last stages a pure glide. This 
view has been strengthened by some experiments which I carried 
out with Dr. Chalmers on the electrical resistivity of metal wires 
at various stages of the plastic flow [27], We found that the 
resistivity of the cubic metals, copper and aluminium, for which 
the crystallites have the same resistance in all directions, was 
unaffected by the flow. With metals crystallising with a unique 
axis of symmetry there was no change of resistance during the 
final stage of steady flow, but, on the other hand, the resistivity 
changed by as much as 2 per cent, during the intermediate steps, 
decreasing with cadmium (hexagonal), for which the glide planes 
are normal to unique axis of symmetry, and increasing with tin 
(tetragonal), for which the glide planes are parallel to the unique 
axis. In both cases the resistance, in single crystals, is a maximum 
in the direction of the unique axis. The results can therefore be 
explained by a general rotation of the planes in the crystallites so 
as to tend to lie in the direction of the applied force. The changes 
of resistance are of the right magnitude for this explanation. More 
recently Dr. Gibbs and Ramlal [28] have established a rotation 
of the or 3 rBtal]it 6 s by direct X-ray methods, of the magnitude to 
be expected from the electrical resistance. This is apparently the 
first attempt to calculate quantitatively the properties of the 
polycrystal from the single crystal. 

We have now considered a few of the fundamental problems 
of metallic strength and of yield under stress. It is possible that 
I may have done nothing but produce the impression that the 
matter is a very complex one. That, I am afraid, is a correct 
impression, but I think that the work that is going on, in particular 
that of Orowan, is slowly leading us to a better understanding. 
I wish that I could have set down a few clear conceptions with the 
aid of which all the properties of metal single crystals—let alone 
polyorystalline metals—could be simply expressed. The trouble 
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is that we have not yet reached those conceptions, and it is no 
good pretending that we have. But I, for one, am not without 
hope that the time is not far distant when we shall have a tolerable 
idea of what happens, from first to last, when we perform the simple 
experiment, which most of us have carried out from boyhood’s 
days, of bending a piece of wire backwards and forwards until it 
breaks. 
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THE CONTROL OF DIFFERENTIATION^ 

Bv H. H. DIXON, Sc.D., K.B.8. 

Prof€9*or of Botany in the VnivergUy of JOublin 

The form of organisms and the differentiation of tlieir parts are 
seldom directly explicable on the basis of cause and effect. The 
following, however, may be instanced as belonging to this category : 

The spherical form of many minute orgatdsms is the reaction 
of fluid, or semi-fluid, material to its own surface tension. Here 
we think of cocci, Palmelline cells—forms assumed when physi¬ 
ological contractions are relaxed. Ova and spores when imcon- 
strained by containing structures are further cellular examples. 

The spherical form of vacuoles when undistorted by local intra¬ 
cellular restrictions. Chambers* and Hoflers* beautiful micro- 
dissection experiments on the tonoplast of Allium cepa illustrate 
diagrammatically the reaction of a uniform coherent substance to 
the diffusive forces of contained solutes. 

In this connection may be recalled Lloyds* observations on the 
development of contractile vacuoles in conjugating Spirogyra cells. 
Here contraction of the protoplast leaves it unsupported by the 
cell-wall, and the osmotic pressure of the solutes distends the 
individual vacuoles till they burst and allow the contained solu¬ 
tions to escape into the surrounding water. Then the elastic 
recoil of the protoplasm heals the rupture, and the solutes, once 
more enclosed, beginning to push back the semi-permeable proto¬ 
plasm, generate vacuoles afresh and cause explosive ruptures in 
repetitional sequence. In this process we have a rare example of 
the form and functional changes of a part produced and main- 
tamed as the direct reaction of known configurations to demon¬ 
strable physical forces. It may be assumed that this is the under¬ 
lying mechanism of all contractile, or pulsating, vacuoles. 

In the great majority of oases, however, we can associate 
certain applications of energy only more or less indirectly with 
observed developments of form and differentiation, or with certain 

paper read before the Section of Morphology of the Sixth Inter¬ 
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liberations of energy in organisms. The intermediate steps, con¬ 
necting the causes and eflFects, are slightly—usually very slightly— 
understood. The study of such phenomena embraces that of the 
control of differentiation. 

Advance in this subject has been slow—not more slow than 
the complexity of the substances and processes involved should 
have led us to expect. But it must be admitted that much work 
has still to be done to reveal fuUy this complexity, and before the 
great unifying principles begin to become apparent, which will 
give us the explanation which we seek. Meanwhile we gratefully 
culmit our colleagues have accomplished much in lajring the founda¬ 
tion of a new knowledge. To quote Spemann’s words, “ The first 
step has been achieved. We still stand in the presence of riddles, 
but not without hope of solving them. And riddles with the hope 
of solution—What more can a man of science desire ? ” 

The quest is charged with allurement. Each headland and 
island of acquired knowledge, described and charted by the navi¬ 
gators of the unknown, inspires those who follow in their wake 
with confidence and hope. Naturally deductions and speculations 
by the leaders in discovery carry most weight. The results and 
conclusions of Professor Bower have done much to lay bare the 
principles governing the form of organisms and the laws controUmg 
their development. How increasing size necessitates alteration in 
the form and in the anatomy of plants has been his theme. He * 
has elucidated it with a remarkable wealth of illustration, drawn 
chiefly from the Pteridophytes. Among many other interesting 
results he has shown that the sequence protostele, siphonostele, 
dialystele, eustele, has been passed through in several distinct 
lines of descent. Each of these features must, at least once in the 
phylogeny, have been represented by factors, or genes, in the 
germplasm, which at some time became changed so that the factor, or 
factors, determining protostely then became factors of siphonostely. 
Evidently the change from protostely to siphonostely involving 
only the omission of the lignification of certain cells, requires a 
change in probably only a single factor of the germplasm. 
Similarly the change from siphonostely to dialystely may be 
ascribed to a second simple germplesmic mutation. Assuming, as 
I believe we are entitled to assume, from the work of Muller and 
others, that these changes of the germplasm are perfectly random 
changes, probably often entirely due to the fortuitous action of 
short-wave cosmic radiation on the atomic structure of the germ- 
plasm, it is easy to see that the probability of the occunrence of a 
single change in the germplasm, commanding the production of a 
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viable or advantageous character, is much greater than the coin¬ 
cidental production of two or more such changes. It is doe to this 
principle that although mutations are fortuitous, nature usually 
presents us with an orderly series of slightly differing forms, 
connecting the most divei^ing extremes ; and to it is traceable the 
appearance of homoplasy which Bower has pointed out in so many 
of the Pteridophyte phyla. Because, starting with the same 
germplasm, there is a greater probability that a given divergence 
will be attained by the accumulation of unitary fortuitous steps, 
than by the coincidental occurrence of an equal number of viable 
unitary changes. By the same principle the late arrival of the den- 
drostele (as we may designate the type of central cylinder charac¬ 
teristic of exogenous trees), with its congeries of interdependent 
characteristics, becomes intelligible. Furthermore, natural selection 
itself favours the occurrence of instances of parallel (homoplastic) 
modifications in more or less closely related lines of descent. For 
the possession of common modifications adapting the possessors 
to certain conditions, rules out many other modifications and so 
limits the possible channels of variation. 

Bower’s studies have brought before us many illuminating 
examples illustrating the application of the principle connecting 
size and form to the vascular system of the Pteridophytes. This 
is sometimes expressed as the relationship of surface to volume—a 
form of statement which applies to the size and form of those 
organs and parts whose surfaces are permeable, and function in 
the interchange of material, and possibly in the transmission of 
energy. Sometimes, however, this form of statement is meaning¬ 
less—for example when it is applied to those vasciilar systems of 
the Pteridophytes which are embedded in impervious vascular 
sheaths. Here the meduUation and fragmentation of the vascular 
system must be conditioned, not by the relation of the surface of 
the conducting cords to their volume, but by the maximum distance 
by which the lifeless conducting elements may be separated from 
living cells. It was the coincidental production of the severed 
independent modifications, securing this relationship in the primary 
and secondary arrangement of tissues, which delayed the advent 
of the dendrostele. 

In these and similar discussions it is, strictly speaking, erroneous 
to invoke Natural Selection as the cause of phylogenetic differen¬ 
tiation. The cause is radiation, possibly assisted by other unknown 
factors, producing changes in the germplasm. 

It is equally intriguing to speculate on the mechanisms of 
ontogenetic diffOTentiation. Contrary to what we might at first 
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anticipate, it has been shown, and D’Aroy Thompson has empha* 
sised the fact, that the cell-divisions occurring in the embryo do 
not control the growth of its parts. Actual observation shows 
that growth precedes cell-division, and the direction of growth 
controls cell-division. The forces, available for extending the 
constituent cells of the growing Tegions, are osmotic pressure and 
imbibition, while the form of the growing part seems to be deter¬ 
mined by the distribution of growth substances, whose nature and 
action have been so wonderfully elucidated by the work of the 
Dutch botanists. 

The controlling action of cell-growth on the orientation of cell- 
division may probably be traced to the more rigid consistency 
which characterises the protoplasm of the mitotic spindle as com¬ 
pared with that of the rest of the cell-protoplasm. Such a semi¬ 
rigid elongate body will tend, owing to the movements of the 
03 rtoplasm, to take up a longitudinal direction in an elongating 
cell. Hence the following cell-division will be transverse to the 
elongation. It may well be that the early stages of enlargement 
determine a flow of mitosis-evoking hormone, such as was predicated 
by Haberlandt and others. The action of such a substance initiat¬ 
ing mitosis is indicated by my own observation of mitosis occurring 
in the coenocy tic stage of the embryo-sac. Here the nuclei uniformly 
distributed in the film of cytoplasm lining the sac are often seen in 
the successive stages of mitosis—the earlier stages being further 
from the chalaza on both sides of the sac—a distribution whi<fll 
would follow the diffusion outwards from the chalaza of a mitotic 
hormone. Incidentally it may be noticed that these mitotic figures 
being unconstrained by the proximity of cell-walls are fortuitously 
oriented in the film lining the sac ; but the axes of all, being con¬ 
strained by the thickness of the film, lie in a tangential plane. 

The differentiation of the first organs of the Pteridophyte 
embryo seems determined by the first division of the zygote. 
Miorodissectional work and experimental investigation combining 
artificial nutrition with vital staining are very desirable to decide 
whether the local predetermination is traceable to the distribution 
of materials in the cytoplasm, or to differential mitosis occurring 
in the zygote. Analogy with the animal ovum seems to favour 
the former and the records of vegetative reproduction from mature 
tissues are against the latter. It seems necessary to admit, at 
least as a general rule, that mitosis secures that each cell receives 
a complete germplaem—^whioh, given the necessary opportunities, 
can give rise to a complete individual. It is however oerti^ that, 
in any given cell, till these possibilities are never realised, and hmrce 



THE CJONTBOL OF DIFPEBENTIATION 616 

there must be in its nucleus numbers of genes, associated with 
morphological and physiological properties, which never find expres¬ 
sion. At the same time other genes, in the same nucleus, make 
their presence felt in moulding the structure and metabolism of 
the cell. If speculation is permissible, we may suppose that active 
genes—together with their co-enzymes or accessory substances— 
are displayed upon the nuclear filament, while the latent genes 
or their activating substances are imprisoned in the nucleolus. 
The usual solution of the nucleolus, the distribution of its material 
on the chromosomes and the whole process of mitosis secure the 
allotment of complete sets of genes with their activators to the 
daughter cells. However this may be, the enormous surface 
exposed by one nuclear constituent (chromatin) contrasted with 
tlm minimal one of the other (nucleolar material) is provocative 
of speculation. 

Among the possible agents controlling early differentiation we 
must admit the directed forces of gravity and light, together with 
localised supplies of hormones and of nutrients, administered by 
the surrounding tissues of the parent. Morphogenetic stimuli, too, 
may early become effective. But as soon as this early differen¬ 
tiation is under way, we must further expect the young tissues 
themselves to become new environmental agents, and to act as 
controllers of differentiation. The procambium once differentiated 
will probably precipitate procambium from the undifferentiated 
meristem, and the protophloem and protoxylem will induce the 
formation of these tissues from the procambium. Similar functions 
in differentiation may be assigned to other differentiated tissues in 
contact with the growing points of the plant. So far as 1 know, 
the probability of the differentiated tissues in contact with the 
undifferentiated cells of the meristems, acting as “ Organisers ” in 
Spemann’s sense, has hitherto not been considered; and yet this 
view offers an attractive working hypothesis explaining the differ¬ 
entiation of tissues at the growing apices and their continuity 
throughout the plant. 



MINERAL TRANSFORMATIONS, AND 
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JitHtUuU FrofMior of Peirolont ai ike Imperial College of Science and Technology, and Brndef in the 

UMvereity of London 

In the customary lists of “ modes of alteration '' appended to 
formal descriptions of mineral species prominence is given to mineral 
ohanges which are mainly of the retrograde (breakdown or destruo* 
tive) kind, such as the commonplace changes biotite —► ohlorite, 
olivine —► serpentine, orthoclase —► sericite or kaolin. But 
a large volume of fact is on record concerning the reverse kind 
of change—that of aggradation, illustrated for example by the 
progressive metamorphism of a clay-slate, which may be aggraded 
to successive schist-facies “ indexed ’’ for metamorphic “ grade ” 
by chlorite, biotite, garnet, stauroUte and kyanite : each index- 
mmeral evolves partly at the expense of antecedent species, final 
terms having a very complex genealogy. 

The study of evolutionary processes, in both the igneous and 
the metamorphic fields, is the distinctive feature of modem ‘petro¬ 
logy, which seeks to interpret the mechanism of mineral-change, 
to determine the degree of genetic relationship (if any) between 
various rock-types in which mineral-transformations have played 
an important role, and to establish the origins of magma. Its 
ultimate problems rest in the complex mineral ohanges which occur 
on the vague border-line between the igneous and the metamorphic 
fields—^notably those induced in crustal rooks by emanations and 
exudates from magma. 

Most of us would frankly include among our early difficulties 
that of appreciating, at sight, the terms of an equation of change— 
the precise nature of reactions engaging somewhat complex “ mole¬ 
cules.'’ The reality of ''atomic,'* as distinct from “molecidar/' 
reactivity is an outstanding fact established by X-ray studies of 
crystal-structure : atoms, not molecules, are the movable unite in 
crystal-architecture, and the varietalism displayed by pyroxenes, 
amphiboles, micas, etc., expresses the effects of atomic interplay. 
The extent to which the results of X-ray work illumine and expeaid 
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raaiotion-prinoiple may be usefully examined here—as a 
pceKhninaiy step to this discussion of mineral-changes in general 
and of eqntations formulated to explain them. 

Atomic Aotiyity— m Relation to Bowen’s Rbaction-Sbeibs 
1. Tht “ Conlinuous-Beaction ” (Plagiodoee Series )}—^The actual 
mechanism of the reaction is the replacement of atomic Ca by 
atomio Na, and of atomic A1 by atomic Si, i.e. (NaSi) (CaAl), 
while the initial pattern, or “ class," of crystal-structure persists 
unchanged. It may be expressed thus : 

Albito 4 . . Anorthite (the continuous change). 

R^Iacement: (NaSi)- > (CaAi). 

Both the initial and the final terms conform to the three-dimensional 
space-lattice n(SiO,); for convenience, let n = 4. 

In the case of anorthite, 4(SiO,) is expanded to (Si^O*), then 
to (SitAlt)Oa, to express the fact that one-half of the Si-atoms are 
already replaced by Al-atoms. The derivative group (Si«Al()0( 
now offers two free oxygen-valencies, whereby Ca" is attached, 
and the anorthite-formula is therefore Ca(AltSit)0( which is more 
informative and more accurate than the empirical “ molecular " 
formula CaO.AlaO,.2SiO,. 

For albite, in which only one-fourth of the Si-atoms are replaced 
by Al-atoms, the constitutional formula is Na(AlSi,)0«. 

The Jfact that tetravalent silicon, Si^^, replaces trivalent alumin- 
lom, and Na^ replaces Ca^^, iUustrates the control exercised 

by relative atomic volumes (at. weight/Sp. Gr.), or ion-radii— 
meiuNifed in A-units. For example, the atomic volume of sodium 
(23*7)/renders it more compatible with calcium (26*0) than with 
potaeiium (45*6). The atomic volumes of A1 (10-6) and Si (11-4) 
aro shnilarly compatible. Briefly expressed, the case becomes 

Albite . Anorthite 

(NaSi) -(CaAl) 

At. vote: 2S-7-F 11-4 26 0 -f-10 6 

Total: 861 36 6 

Ioa..nMl.; 100 + 0-40 1 06 + 0-86 

Total; 1-40 1-60 

7%see considerations have an obvious bearing on a miscellany of 
rektionships between the various felspars. 

i. The “ Discontinuoua-Reaction Series }—The real "disoon- 
timflty ” consists in the abrupt change in crystal-structure which, 
%iini high-temperature to low-temperature (in the general case), is 
idaborated step by step from “ simple ” to “ complex ” : 

* N. L. Bowen, The Evolution of the Igneous Rocks, 1028, p. 60. 
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At first: simple:—the unit-tetrahedron» (SiO^) oIass, Olivine. 

Then : The single chain, with (SiO 9 )*gvoup 0 . ,, Pyroxenes. 

Next: The double band, with (Si 40 n)-groups. „ Amphiboles. 

Finally ; The extended sheet, with ( 8 i 40 jo)“groups. „ Mioas. 

To the sheet-class belong serioite, chlorite, serpentine, kaolin, etc., which 
are typically the degradation-products of all but the most refractory 
minerals. Destructive (retrograde) changes converge, via such sheet- 
minerals, towards “ clay ** and, in the ultimate, laterite or bauxite. 

The terms degradation ** and aggradation ** are used in the sense 
suggested by the relative status of the pyrogenic minerals in Bowen's 
reaction-series and of the index-minerals to metamorphic grades. 

The ‘‘ discontinuouB reaction^series affords scope for elaborate 
interplay between both (a) atoms individually : Mg ^ (Fe Mn), 
(Cr Fe'") Al, (K Na) Ca, (Mg ^ Al ^ Li), etc., and {b) 
atom-associations : (NaAl) (CaMg) concerned in the change 
aotinolite —► glauoophane ; (CaAl) (MgSi) concerned in the 
progressive aggradation of hornblende in certain epidiorites, vide 
p. 623. To a large extent, atomic dimension fixes the limit to 
which some particular replacement can proceed without involving 
an abrupt change in the class of crystal-structure. The effects 
achieved, and their bearing on varietalism in mineral species, may 
be illustrated by an example taken from the pyroxenes—^for which 
the “ class "-group is n(Si08), and n == 2 : 

The group 2(Si08), oould be modified by atomic reactivity 

to {Si,wAl«Fe'''p)Oe, in which case w -f n -f p «= 2, and the number of * 
oxygen-valencies 12 — (4w -f 3n -f attaching bases according to the 

general scheme (Ca<,Mg6Fe"eMnrfAleFe"/Tig . . .). It follows that m, n, p, 
o, 6 . . . are usually fractional. 

An interesting comparative study is afforded by three genetically 
related augites in the rock-suite of Scawt Hill, where assimilation 
of lime by (A) olivine-dolerite magma led to the formation of 
(B) pyroxene-rich dolerites and pyroxenites, passing into (C) titan- 
augite-rocks, with nephelite, melUite, eto.^ 

The pyroxene of (A) * is a feebly aluminous diopside-rich member 
of the enstatite-diopside series—varietally in contrast with the 
pyroxenes of (B) ^ and (C),^ which ore themselves in contrast; 
thus: 

(B) (Ca,084Mg,4o»Fe",i74Ti.|,35Al.o||,4Fo'".054) (Sii.gAl.iolOg. 

(C) (Na,040Cai.048Mg.49iFe '.278^^.l*4 

The contrast between (B) and (C) is due to atomic inte]|ilay 
according to the scheme (CaFe"TiPe'") Mg and (AlFe'") Si, 

I C. E. Tilley and H. F. Harwood, “ The Dolerite-Chalk Contadt cf 
Scawt Hill, Co. Antrim," Min. Mag., 1931, 22, 439-63. 

>Xoc. cit., p. 449. * Loc. cit., p, 451. ^ Loc. oU., p. 454. 



MINBRAL TBANSFOBHATIONS 619 

with additive Na-atoms, i.e. an expansion of the more generalised 
reaction (CaAl) -> (MgSi). 

It will be obvious that the interpretative value of X-ray work 
in petrogenetio studies must depend upon adequately detailed 
analyses—not merely of rocks in bulk and their conspicuous por- 



phyritio crystals but also of the more minute groundmass minerals, 
which require for their isolation both labour and technique. Lack 
of analytical data for granular pyroxenes such as occur for example 
in the groundmass of many mica-lamprophyres must oast some 
donht upon the reality of the break in the pyroxene-field shown 
in mg. 1. 
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Equations of Chanob 

The terms of an equation of change can often be infenied 
from a study of the change in its various “ arrest ” stages, which 
show relics of minerals belonging to the initial reactaon^ystem 
{R> -I- B, + . . . , and summated in SR) intimately associated 
with reaction-products (summated in SP). The balanced equation 
SB = SP requires that both SB and SP shall be the exact and 
complete census. 

But balanced equations which reach the standard familiar in 
Chemistry are practicable—^at present—for only the simpler kinds 
of change and parts of more complex changes. The precise com¬ 
position of terms recognised may not be known ; other terms may 
escape recognition, while also doubt may exist concerning both 
the source of particular resistive substances and the fate of other 
substances mobilised by the change, e.g. K-atoms mobilised when 
potash-felspar in pegmatite is albitised. The limitations imposed 
in the general case may be appreciated by examining even the 
commonplace change hiotite —► chlorite, for which a first ex¬ 
pansion would be : biotite, by virtue of gains (SG, which includes 
water) and losses (£L, including alkali), yields products (SP) which 
include chlorite; whence 

Biotite -I- £G — iTL *= Chlorite -I- . . . 

By treating “ gains ” as reactive terms promoting the change 
and including “ losses ” among the products of the change, we 
obtain the reversible equation : 

Biotite -f XG => Chlorite -f Zh + . . . 

Pursuing the possibilities for further expansion: no tjnreoise 
formula can be assigned to either the biotite or the chlorito; cmly 
by a remarkable chance would the oomposition of any two ocour- 
rences of either be identical. Moreover, the adjustment of a biotite- 
composition to that of a chlorite usually disturbs initial ratioik aatfil 
as A1: Fe'", Mg : Fe", Si; Al, Si: Ti, etc., which change towardb 
new equilibria involving subsidiary reactions liable to be teleiK^aed 
in the bleak general equation. An expansion of SP for a par- 
ticular occurrence of altered biotite in a Dartmoor granite fox 
example is as follows: 

rp » Chloritel^"^ kaolinmuscovite) 

~ tourmaline + anatase) -f- rutile^eedles (-♦ rutile gMiliM) 

-f sphene -f- magnetite (««► limonite). 

A further selection of mineral-transformations will now he 
examined by the aid of Fig. 1, which may assist the reader 
appreciate equations formulated by researchers who have aotiMitly 
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iav«8tig»ted the transformations in detaii. It is perhaps unneces¬ 
sary to state that Fig. 1 offers neither ready-made explanations 
fbr any change demanding detailed research nor security for off¬ 
hand explanations which may be consistent with it. 

Equations expressing the effects of dry fusion present com¬ 
paratively simple cases : 

1. —In Fig. 1 several lines could be drawn connecting “mag¬ 
netite ” with various “ augite ’’-points and also traversing the 
hornblende-field. “ Hornblende ’’ thus integrates “ augite ’’ and 
“ magnetite ’’—silica, with a passive role, beuig in reserve. It is 
therefore not unexpected that fused hornblende, on cooling, does 
yield products according to the equation: 

Hornblende = Augite + Magnetite + 2T, 
in which £P includes some glass and the volatile constituents of 
the hornblende. 

Similarly, under appropriate conditions, actinolite would be 
expected to yield diopside and orthopyroxene. Ineongruent melt¬ 
ings provide additional examples. 

2. —^The KAl/Olivine-line crosses the tip of the phlogopite-field ; 
hence the products of fused phlogopite could conceivably include 
leucite and olivine. 

Fouqu4 and Michel-Levy fused together microcline and biotite, 
and recognised in the cooled product leucite, olivine, and magnetite. 
For the equation of change. Holmes ‘ suggests the equation : 

Biotite + 3KA18i,0, « llKAlSi.O, + 6Mg.8iO« + 2Fe,0« + 2H,0. 

The biotite-oomposition given by Holmes may be integrated 
thus : H 4 K|(Fe,Mgio) (Al*Fe"')Si|. 07 *, whence its locus in Fig. 1 is 
determinable directly; it makes a close approach to the biotite- 
field. 

The biotite-locus could be determined also by manipulating the 
terms on the right-hand side of the equation, thus: 

llLeaoito -f 6 Olivine contribute (UK -4- llAl + 10Mg)-atoms assembled 
at a point P. Cknnpoimdmg the 32 atoms at P with the 6 atoms contributed 
by 2 Fef 04 and located at the “ magnetite ’’-point, we obtain a point B, 
which therefore assranbles the whole 38 atoms. Hence R mtist also integrate 
3 ^rthoolase -f- Biotite. The total orthoclase contributes 8 atoms ; there¬ 
fore tile biotite must account for the balance, 82 ; whence the biotite-locus 
is fixed. 

The biotite-formula usually given in this connection is 

* A. Holmes, Ptirographie Mtthodt and Oalmdadons, 1821, p. M9. 
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W ,y , Mg,Al,Si ,0|t, which locates a point in the amphibokhOeld 
and is inadmissible on other grounds. 

3.—^Another familiar but inadmissible text-book equation is that 
put forward to express the reversible reaction investigated by 
Doelter: 

Anorthite + Olivine = Augito 
CaAl,8i,0, + MgjSiO* = CaMgSi,0,.MgAl,SiO,. 

A glance at Fig. 1—or even at the particularised equation itself— 
is sufficient to detect the unlikelihood of this formulation, which 
would need revision if the “ augite ” is to make a reasonably okise 
approach to some natural augite-ocourrence—^richer in Ca-atoms 
and poorer in (AlFe'")-atoms. 

No analyses of natural pyroxenes fall within the field about 
the locus of “ actinolite ” ; the break in the continuity of the 
enstatite-diopside series is the immiscibility-gap expltned by 
Kennedy.^ It seems probable that, as Kennedy suggests, any 
pyroxene-composition falling within this gap would imply an inter- 
growth of two independent pyroxenes. 

The position of “ actinolite ” within this gap recalls that of 
“ epidote ” in the middle of the plagioolase-range. Should the 
suspected discontinuity in the pl^oclase-series (within the Sp. Or.- 
range 2-667-2-698) be confirmed, it may reduce several genetic 
difficulties raised by epidote, zoisite, etc. 

4.—The following progressive changes are familiar: 

i. —Augite Hornblende Biotite Chlorite. 

ii. —^Augite —. " ' ' ■» Chlorite. 

iii. — Hornblende — ' > Chlorite. 

Change of the first (calcic) pair towards the second (non-caloio) 
pair in (i) commonly evolves epidote and some coloured variety of 
sphene. There is as yet no certainty concerning the source of 
either the Ca-atoms trapped in the epidote or the (AIPe'")-atom8 
required for transformation in the general sense augite —► biotite. 
The Ca-atoms may be derived, in part, from antecedent augite or 
hornblende ; but both the Ca-atoms and the (AlFe'")-atom8 ooold 
be the products of some change affecting the lime-rich felspars, e.g.: 

i.—^Anorthite 427R « Epidote -f Al-atoms -f Xp, 
or ii.—^The continuoiw reaction (NaSi) (CaAl) in the plagiocloae-serieB. 

6.—^An instructive study in the progressive aggradation of horn¬ 
blende is provided by Wiseman’s work on the epidiorites of the 

^ W. Q. Kennedy. Min. Man., 1^36, 24, 206. 
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South-West Highlands of Scotland.^ Initial stages in this meta- 
morphio change could be formulated thus: 

i. —Anorthito + ZK -■ Al-atoim + Epidote + Sphene + Sp. 

ii. —Aamt« (± Olivine) 4- Al-atoms —♦ Low-grade hornblende ■+• Pro- 

chlorito. 

Tho relationship of this low-grade hornblende (chlorite-zone) to 
a higher-grade hornblende in the garnet-zone, and also to actinolite, 
is explored below : 

A. (OH), Ca, {Mg,Fo"), 

(SigO,,) . . Actinolite 

B. (OH),(Na,Ca,K)2,o,(Mg,Fe",Ti,Mn,Fe'")g.og 

(Si,AI)gO,g . Low-grade Hornblende 

C. (OH),(Na,Ca,K),,,(Mg,Fe",Ti.Mn,Fo'",Al) 4 .g 

(Si,Al)gO„ . High-grade 

The really significant details of the change are revealed by the 
further expansion of the constitutions B and C : 

B. (OH)2.oi(^^.27^^1<7S^.O0) 

C. (OH),.o,(Na.ggCai.g,K.,g)(Mgj.ggFe",.,gTi.jgMn.g3Fe'''.3,Ai.gg) 

(8i7.,gAl.g|)0|2 

whence the scheme of atomic reactivity is as follows : 

Tremolite •"♦Actinolite •-►Low-grado Hornblende—^High-grade Hornblende. 
(Fe'' Mg) initiated -> 

(Ti,Mn,Fe"') -> Mg initiated 

(NaK) Ca ,, Na additive. 

(Al-^Si) 

6. —^The following reaction is familiar : 

Anorthite-rich plagioclaso -f iTR ~ Epidote (zoiaitc) -f Albite -f £p 
Under certain aggrading conditions it is reversed. But changes 
which are observable in some ‘‘ mixed rock-facies in the Malvems 
include: 

i. —Epidote (zoisite) Oligoolase-andeaine (enclosing hesmatite). 

The anorthite-poor plagioclase evolved in this case could be 

explained by the reaction (NaSi) ♦ (CaAl) operative on both epidote 
and quartz—the latter being, in this environment, a vanishing term. 

ii. —Sillimanite 4* XR Sorioite (—♦ Felspar), 

iii. —Oamet 4* iR ** Chlorito 4- 2JP. 

Chlorite 4- iTR ** A kaolin-species + iTP (including Fe,Mg,Mn lost). 
Kaolin 4* iR =» Muscovite. 

Muscovite 4- XR «« Felspar. 

In many cases, the changes in (iii) are telescoped in the appar¬ 
ently direct change garnet —► muscovite, or garnet —♦ felspar. 

7. —Complex mineral-transformations involving silication, desili- 

^ J. D. H. Wiseman, Quar, Jour. Gkol. iSoc., 1934, 90, 354-417. 
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cation, and fractional resorption are well exemplified by those in¬ 
vestigated by Tilley in the Soawt Hill rock-suite ‘ and cited above 
(p. 618). Step by step, the changes can be followed in Fig. 1. 

(a) Faciea-change: Olivine-dolerite {A) —► Pyroxene {B). 

This is characterised by a reduction of olivine and, to a less 
extent initially, of plagiociase (Al>aiAn«i)—compensated, in part, 
by progressive increase in pyroxene, which is the new variety B 
(p. 618). The steps in the change may be formulated thus : 

i. —Olivine + Silica = Enstatito. 

Mg^iOt + SiO, = 2MgSiO,. 

ii. —Lime + Silica =* Wollastonite. 

2CaO + 28iO, = 2CaSiO,. 

iii. '—2Enstatite -I- 2Wollastonito = 2Diop8ide. 

2MgSiO, + 2CaSiO, => 2CaMg(SiO,),. 

Summating these three equations : 

iv. —Mg^i 04 + 3SiO, + 2CaO - 2CaMg(SiO,),. 

The additional silica, 3SiO„ required in equation (iv) is 
derived from albite, which is deailicaied by lime to nephelite : 
V.— 1-6 Albite (NaAlSiaO,) - 1-6 Nephelite (NaA18i04) + 38iO,. 

Summating equations (iv) and (v)—while doubling the 
quantities to avoid fractional indices, we obtain the equation 
given by Tilley {loc. cit., p. 461): 

vi.— 3 NaAlSia 0 ,+ 4 Ca 0 -|- 2 Mg,Si 04 4CBMg(8i0,), + 3 NaAlSi 04 . 

The albite desilicated is provided by some portion (soUd 
or liquid) of the plagiociase proper to the olivine-dolerite. 
The anorthite thus released is also desilicated, by lime, to 
the Wahl-silicate, or Tschermak-molecule ” : 
vu.—CaAljSijO, + CaO - CaAljSiO, + CaSiO,. 

The diopside of (vi), and the Wahl-silicate of (vii), enter 
the new pyroxene-variety B (p. 618 above). The nephelite 
contributes to the zeolite thomsonite. 


(6) The facies-change (A) ■ ■ ■ ■ ■■■» (jB) evolves a liquid differentiate 
enriched in iron and soda, which normally gives rise to a rock con¬ 
taining yet another distinctive augite-variety, and a new plagio- 
clase. Where this liquid incorporates more lime, the facies changes 
in the sense augite-plagioclase rock ——titanaugite-nephelite 
rock: 


Plagiociase 


Albite —Nephelite (equation vi). 

Anorthite ► Wahl-ailicate (equation vii). 

viii.—^Augite B (p. 618) -f Wahbsilioate -f 27R =* Titanaugite {C, p. 


618 ). 


^ Loc. cii. 
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(e) excess Ume the fonnaiion of meHlite begins —at the expense 
of both the titanaugite and the plagioolase (actual or potential): 


( Diopside Akermanite (see Fig. 1). 
Wahl-silioate —^ Psoudo-oarcolite (empirically 
“ grosaulsrite). 

'Albite (' II > Nophelito) ■ > Soda-sarcolite. 

X. Plagioclaae Anortliite .. ~ — * ► PBeudo-garcolite 

I + Qehlenite. 

xi.—Akennanite + Suda-saroolite 4- Oeldenite + SR — Molilite. 


8.—Stages in the evolution of the index-minerals to the meta- 
morphic grades in the politic schists provide the following interesting 
studies: ^ 

i. —Chlorite ——♦ Biotite. 

K/Chlorite-lines traverse the well-defined field of basic micas, 
and serve to interpret the following equation : 

Chlorite 4- K-atoms 4- XV — Biotite -t- Sp. 

2r could include iron-oxides and rutile-needles. 

The source of the K-atoms may be uncertain; they could be 
liberated by the breakdown; incite "> K-atoms some 
kaolin-mineral. 

The K/Chloritoid-line traverses a rather dubious part of the 
biotite-field, and skirts the restricted stilpnomelane-field. 

ii. — The Genesis of Almandite. 

Almandite could arise directly from chlorite : its locus in Fig. 1 
is within the chlorite-range. 

According to one standard equation, garnet and orthoclase 
originate at the expense of biotite and silica. A line drawn from 
“ orthoclase ” to “ almandite ” in Fig. 1 passes through the biotite- 
field, and graphically expresses the equation: 

Biotite 4- XE (inoludmg silica) = Orthoclase 4- Almandite 4- Sp. 

But Tilley observes that, as orthoclase does not usually arise at 
this stage, the origin of almandite from biotite is less typical of 
the almandite-zone proper than of the high-grade pelites. 

Hi ,— The Genesis of Staurolite. 

Ghloritoid is regarded by Tilley * as one of the principal sources 
of staurolite. Any ohloritoid initiated in the chlorite-zone would 
tend to adjust its composition to the new conditions, while further 

* C. £. Tilley, “ Some Mineralogical TraoBformations in Cryatalline 
Sohiste," Min. Mag., 1926, 21 , 34-46. 

* Loe. oit., p. 46. 
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growth would probably be at the expense of the polar toms kaolin 
«id iron-oxides (Fig. 1). All these higher-grade schists oould be 
degraded to sericite-chlorite-quartz schists—^liable to contain relics 
of staurolite. garnet, etc., as clues to the double metamorphism. 

Fig. 1 assists also in interpreting the metamorphic differentiation 
whereby complementary “ spots,^ e.g. embryonic chlorite (cordierite, 
chloritoid) and chiastolite, are achieved in low-grade contact-altered 
pelites.^ 

9. —The influence of pelitic elates, etc., on the genesis of norite- 
magma has been investigated by Read,* who shows that, in propor¬ 
tion to increment of reactive alumina derived firom the slates, etc., 
gabbroic magma tends to precipitate orthopyroxene in place of augite. 

Bowen’s reaction-principle entails the corollary that a magma precipitat¬ 
ing, say, olivine and labradorite is nnderaattirated with respect to later 
terms in the respective reaction-series. The magma could therefor© dissolve 
such terms—of which chlorite, sericite, and free silica (the constituents of 
slates, etc.) are the common alteration-products. If these products can be, 
justifiably, included among the ** late ” terms liable to solution in gabbroic 
magma, then the case lends itself to reasoning on first principles^ 

Actual solution of chlorite and sericite would augment the 
reactive concentration of atoms proper to each of the three poles 
in Fig. 1. The increased concentration of Al-atoms in particular 
wo\ild tend to inhibit the formation of the non-aluminous compound 
diopside, CaMg(Si08)t, in favour of enstatite, MgSiO,, and anorth-* 
it©, CaAljSijOg. The evolutionary route : 

Olivine Enstatite Enstatite-diopside Augite 

would therefore be blocked at “ enstatite.” 

Consideration of Fig. 1 shows that cordierite, spinels, biotite, 
and even orthoclas© could be evolved by subsidiary reactions 
engaging the polar terms. 

10. —^Much has been written to sustain the claim that simple 
alkali-aluminates are among the free emanations (or distillates, or 
exudates) from high-temperature magma. As desilioating agents, 
they would probably be more potent than the nephelite-rioh liquor 
suggested by Bowen * as the agent whereby diopside (or augite) is 
disintegrated—to yield natural melilite, accordhi^ to the equation : 

Diopside (augite) . Montioollite (or forstcrito) -f Akermanite (melilite). 

Perhaps the extreme case of desilication is that of the change 

^Author’s Thesis (Imp. Coll. 8c.), 1921, 

* H. H. Bead, “ Corundum-8pinol Xenoliths in Oabbro,” Owl* 

1931, 10, 446-53. 

* N. L. Bowen, The Evolution of the Igneous Rocks,” 1028, Chap* XIV. 
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i^oa . felspar. To achieve alkali-felspars, this change 

would require either (a) an initial reaction A1 ->• Si—in the presence 
of reactive (KNaj-atoms, or (6) the direct reaction (KNia)Al •> Si. 
The change is essentially a “ syenitisation ” process—^in contrast 
with the mechanism (NaSi) -> (CaAl) characterising evolution 
towards granite. The best evidence available rests in the analytical 
and field data for the Newry rock-suite described by Miss D. L. 
Reynolds,* who shows that “ syenitisation ” is an important process 
in the complex changes whereby, for example, the following genetic 
relationships were established ; 


Biotito-pyroxenito • 


Peridotite 


'Shonkinitio monzonitei 


Oli vino-monzoni te 


Syenite. 


In the passage : Peridotite . » Biotite-pyroxenite, the atomic 

ratio Alks./Ca changes from 1 : 12 to nearly 6; 12, and the ratio 
Al/(Alk8. + Ca) changes from 3 : 12 to 6-3 : 12—while the RO/SiO» 
ratio remains almost constant. These statistic details alone suggest 
that tike biotite-pyroxenite is essentially the peridotite locally enriched 
in its oum emanation —migrant alkali-aluminate, dominantly potassio. 

It is this kind of emanation which most satisfactorily accounts 
for the demonstrable “ syenitisation ” of the environing sediments 
(shales and greywaokes)—in advance of actual penetration by 
mobile fractions of the peridotite-magma and biotite-pyroxenite 
magma diffusing independently. Where these independent magma- 
fractions gained access to the country-rooks, the “ mixed ” deriva¬ 
tive rock-types betray the identity of the invader in a most significant 
way : their porphyroblastic augites and biotites repeat the varietal- 
ism peculiar to these species in either one, or the other, of the 
ultrabasic rooks. This fact is of fundamental importance. 

The passage Peridotite (or biotite-pyroxenite) » Augite- 
biotUe-diorite is regarded by Miss Reynolds as due to syntexis of 
the initial terms with a plagioclase-rioh magma. Though Miss 
Reynolds has entertained the conception of an independent plagio- 
olaM-magma, it seems at least possible that mobile plagioclase-rioh 
fluid could originate as a by-product of the complex reactions 
induced by emanations—perhaps an important witness to their 
reality and effectiveness. 

The changes recognised by Miss Reynolds—and still under close 
investigation—are among the “ less familiar ” types which impose 
on tis the task of probing still deeper into the natural history of 
even the commonest rook-forming minerals. 

* D. L. Beynolds, " The Eastern end of the Newry Igneous Complex,” 
9uar. Jour. Chcl. Soe., 1834, *0, 880-630. 



BIRDS DO ATTACK BUTTERFLIES 

Bv G. D. HALE CARPENTER. D.M. 

Hop§ Proje$9or of Zoology (Entomology) in (Ae Vnioonity of Oxford 

This journal, in October, 1935 (30, 272-7), contained an article 
by L. Richmond Wheeler entitled ‘‘ Bo birds attack butterflies ? ” 
This urges a view held by the school of Professor MacBride which, 
not agreeing with the view that Mimicry can be ascribed to Natural 
Selection, derives support from the statement that a particular 
set of cases—those among butterflies—cannot be due to the action 
of birds as selective agents. 

The argument rests upon (1) the importance of the fact that 
very many observers have seen very many birds not eating butter¬ 
flies ; and (2) the decrying of positive evidence that birds do attack 
them. The force of this argument is weakened by the necessity 
of treating mimicry among butterflies as an isolated phenomenon, 
whereas much of the strength of the argument from natural selection 
lies in the treatment of mimicry of all kinds, among all insects, 
as merely one form of protective resemblance to a part of the 
environment and therefore of the same order as resemblance to a 
dead leaf or stone. 

Mr. Wheeler still further narrows the foundations of his argu¬ 
ment by introducing a new limitation. He states that while the 
current theory of mimicry “ may apply to the wider wvng colours 
of certain butterflies ”, ‘'as applied to the upper wing colours it 
is unsound.” This is presumably the “ new view,” but it can be 
easily shown to be a reductio ad abaurdum. 

Certain mimics, such as the forms hobleyi and tirikensia of the 
polymorphic Nymphaline Paeudacraea eurytua, closely resemble on 
both surfaces the male and female of the Acraeine BemaHatea 
{—PUinema) macariata. The patterns of the two surfaces of both 
model and mimic, however, are different: Mr. Wheeler would 
seek an explanation for the deceptive likeness of the upper sur&oe 
different from that which “ may apply ” to the under surface. 
The situation becomes more peculiar if a group with tho same 
pattern on both surfaces be considered, such as the assodation 

628 



BIBDS DO ATTACK BUTTBEPLIBS 629 

oentied round the bluish^white and black Oriental Danaines such 
as thoae figured in Mr. Wheeler’s reference 12. 

Here is an appearance which, when on the under surface, can 
be explained, but when on the upper surface is inexplicable. This 
discrimination implies that a butterfly is seen either by its upper 
or by its under side. Cannot it appear in both ways to the same 
enemy ? Has Mr. Wheeler never seen butterflies sitting on mud, 
flowers, or leaves, alternately opening and closing their wings so 
that the upper and under surfaces are both visible even though 
the insects are stationary ? 

The fact is stressed that Bates (and others of the same era) 
have not recorded (the italics are the writer’s) one “ attack in which 
either bird or butterfly was identified.” Surely the very fact that 
Bates noted specifically that he never saw the flocks of slow-fl 3 ring 
Helioonidae in the woods persecuted by birds implies that here was 
a difference to be noted : otherwise, why record that birds did not 
eat a particular kind of butterfly if they never ate any at all 7 

Mr. Wheeler’s allusion to “examples carefully collected ficom 
as many parts of the world as possible ” is an insinuation that cases 
are so rare as to be negligible. One can only regret that he is not 
able to see the material in the Oxford University Museum, and ask 
him whether he would have us collect examples without care and 
from only one part of the world ? If ooUectors were more often 
real naturalists, and not merely selectors of cabinet specimens, we 
should have little difficulty in amassing vast numbers of specimens 
showing beak marks or other results of attack. It is only since 
1920 [1], following the observation by Dr. W. A. Lambom, that 
the importance of this line of evidence has been realised: the 
writer has seen specimens in the British Museum bearing clear 
impressions of the beaks of birds which must have been examined 
by many entomologists without the significanoe of the marks 
having been perceived. 

The older naturalists were before the days when it was denied, 
for the purposes of a far-reaching argument, that birds ate butter¬ 
flies ; why should they have paid particular attention to what they 
doubtless considered, like Mr. Stuart-Baker, the well-known ornith¬ 
ologist [2], “ such a commonplace occurrence in my experience that 
it is really difficult for me to pick out especial instances ” 7 Are 
there, in their books, memy detailed aooounts of birds eating spiders, 
oaterpillars, or indeed other foods ? 

Another of Mr. Wheeler’s arguments concerns “ the error of 
imagining that abnormal or even impossible events may occur in 
remote regions,” and he writes that “ the mystery is sometimee 
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shifted into tropical forests.” The reference is to a book in which 
two experts in different groups state mimicry to be more common 
in forests than among similar insects in open country, and to an 
argument by the writer to the effect that what is known to happen 
within the limits of our vision may reasonably be expected to 
happen more often in the presence of more abundant life even if 
we cannot see it happen. Major Hingston [3] writes; “ The tree 
roof is a distinct biological zone of which we have as yet only a 
fragment of knowledge. . . . Butterflies are commonly seen flutter¬ 
ing over the canopy. Some species probably never come to earth. 
Nymphalids like to crowd . . . around the golden blossoms. . . .” 
Again : “ Whole groups of striking birds live peri)etually in the 
tree-roof ” and, “ some species, such as the swallow puff-bird, prefer 
the topmost branches of the canopy . . . the upper surface of the 
roof makes an excellent station for the operations of insect-catching 
species.” 

The following note by a great student of butterflies may aptly 
be quoted here. Colonel Bingham, in 1888, sent to M. de Nio6ville 
wings found on the ground in Burma to which he replied [4]: 
” Ferguson found a single wing of Charaxee schreiberi in Travancote 
on the ground. It is curious that the only record so far of the 
same species from Burma should be the three wings you send me.” 
The extremely complete observation by Mr. T. H. E. Jackson in 
Uganda [6] of the destruction wrought by birds on butterflies 
frequenting a flowering tree is much to the point, although to 
Mr. Wheeler it is merely one observation. Most persons, who 
study that account would consider it to be a very extraordinary 
coincidence that Mr. Jackson should have been present at one of 
the few occurrences of this sort; indeed, considering how common 
are the flowering tree, the birds, and the butterflies which he 
mentions, they might reasonably conclude that such destruction 
must take place frequently. Moreover, there is clear evidence of 
the discrimination which theory demands. 

Mr. Wheeler says: “ The positive oases are few.” Such an 
argument can only be met by continuing to produce the evidence 
which exists, but unfortunately is often thought not to be of 
sufficient importance to be worih publishing. During the last 
year or two the writer endeavoured to make good this shortcoming, 
and brought before a certain learned society, as they came to his 
notice, examples of beak marks on the wings of butterflies and 
observations of the attacks of birds, so as to get them printed fot 
Mr. Wheeler and others to see. This, however, became such a 
constant procedure that a suggestion was made to the writer that 



BIRDS DO attaoe: bdttbbfijrs 


631 


if he pendsted in these monotonous demonstrations of the obvions 
a protest would be made at a meeting against using up so much 
time to emphasize a fact which was common knowled^. 

A few notes are here given, and not having been published 
before it is hoped they will receive the attention which their im¬ 
portance deserves. The observations of Mr. CoUenette in Brazil 
were quoted in the article now under discussion : he apparently 
was more fortunate than Mr. Schaus, for in a letter to the writer 
about a year ago he wrote : “ I cannot emphasize too much that 
these instances were really frequent and that I should not have 
seen them if I had not been interested in both birds and butterflies, 
and had not been quietly watching. These attacks were certainly 
a real feature in Matto Grosso.” The importance of “ quietly 
watching ” is stressed by Mr. C. F. M. Swynnerton [6], who wrote: 
“ A case in which a green bulbul, that I would certainly not have 
seen had I not been looking at that very point, appeared momentarily 
(from behind) between outer leaves on which butterflies were basking, 
seized one of them and as quietly withdrew, is highly instructive.” 

Commander C. M. Dammers, an experienced entomologist in 
California, wrote in October, 1936 : “ Our ‘ Black Phcebe ’ (Sayomia 
nigricans) can be observed now daily in our garden catching and 
devouring butterflies all day,” and, on December 10: “ Re birds 
eating butterflies. We consider it quite a common occurrence.” 
The following testimony from South Africa comes from Dr. G. van 
Son, entomologist to the Transvaial Museum : “ Regarding the 
attacks of birds on butterflies, I have witnessed a vast number of 
oases, mostly on the part of bee-eaters, some bush-shrikes, and 
wagtails. The bee-eaters are the chief otdprits where Charaxea are 
oonoemed. They attack the latter on the wing from a perch over¬ 
looking the tops of trees around which Charaxea are displaying.” 
(N.B.—Cf. Mr. Wheeler’s reference 16; and also 14, which should 
be to Proc. Ent. 8oc. Land., 1916: xxxu-xliv; p. xxxvii being 
especially to the point in connection with what has been written 
about flowering trees.) ” The bush-shrikes are fond of stealing up 
to the butterflies when they are feeding on bait and pick them off 
on the run.” 

Mr. F. W. Frohawk, whose testimony is of unusual value as it 
comes from a leading authority on butterflies, wrote in 1933 to 
Mr. 0. L. CoUenette who was ooUeoting evidence for his paper [7]: 
” 1 have watched broods of chaffinches, both adults and young, 
catching and feeding upon the silver-washed fritillary in the Kew 
Forest. This 1 have witnessed day after day for over a week at 
a time in mid-July during different years. . . . These large butter- 
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flies were captured on the wing, when they are so oonspiouous. 
I saw none captured by the birds while they remained settled with 
closed wings amongst the foliage of the trees, when their green 
under-surface renders them difficult to detect.” 

Negative evidence must surely yield before such positive evidenoe. 

We now come to Mr. Wheeler’S conclusions, in the first of which 
he admits that “ attacks upon butterflies at rest are fairly frequent, 
but difficult to observe.” He is, of course, correct in pointing out 
that the advantage of a false head at the hind margin of the wing 
is not apparent in the flsdng butterfly. This applies to the straight, 
stiff tails, but not to the long, flexible, curved, snow-white tails, 
which, often four in number, float conspicuously behind the flying 
butterfly and invite attack. These long appendages, which add so 
much to the beauty of many Lycsenids, break off extremely readily 
and it is difficult to secure a perfect specimen: the base of the 
wing from which the tail springs is often rejnoved by a V-shaped 
incision nicely corresponding to the beak of a bird. Mr. Wheeler 
distinguished, quite properly, between attacks upon butterflies at 
rest and on the wing : the argument resulting therefrom has been 
previously shown to be untenable. It is certainly to be regretted 
that more precise details are not always recorded, yet it is often 
evident which is the case fipom the observation. 

It is categorically stated that ” attacks upon flying butterflies 
are very rare ” ; perhaps they will seem less rare if due attention 
is paid to the evidence just quoted. If such a bird as a chaffinch 
can catch such powerful fliers as large fritillaries, Mr. Wheeler’s 
personal opinion that ” most insectivorous birds, except Drongos, 
are incapable of capturing uninjured butterflies during flight,” can 
be discounted. It is not easy to understand why he considers that 
bee-eaters are incapable of catching butterflies, for, as the writer 
long ago showed [8], they habitually prey upon dragon-flies whose 
powers of flight can hardly be excelled. Dr. van Son’s evidenoe is 
a direct contradiction to Mr. Wheeler’s assumption. 

Begarding evidence from beak-marks it is not possible to state 
categorically that sjunmetrical marks, or injuries, could only have 
been inflicted while the insect was at rest: if it were seized in the 
sir at a moment when the wings were apposed before the downward 
stroke the same coincident marks might be made. Mr. W. E. Wait 
kindly sent to Sir Edward Poulton a detailed account of the capture 
of a large Papilio in Ceylon by a Paradise flycatcher. One of these 
darted out from a tree while the butterfly slowly flapped past, 
“ and as the butterfly’s wings met at the end of the upward stwflte 
neatly nipped them together and so prevented them from flapping.” 
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Another reason for not believing that birds eat butterflies, 
urged by Professor MaoBride [9], has not been utilised by Mr. 
Wheeler, but can be discussed here. He mentions, without any 
reference, an account by Dr. C. B. Williams, of a swarm of Pierid 
butterflies upon which “ hardly any ” attacks were made by birds. 
The passage of this swarm is contrasted with the migration of a 
shoal of fish at sea. ‘ ‘ When a shoal of herring comes into a bay . . . 
no doubt is left in the mind of the observer that the herring is the 
natural prey of the sea-bird.” The implication is that butterflies 
are of no importance as food for birds, but it does not seem to the 
writer that the case of a shoal of surface-feeding fish entering a bay 
from which they were previously absent is comparable with the 
migration of a swarm of butterflies through country not devoid of 
such forms of Ufe. 

The following records, apparently unknown to Professor Mac- 
Bride, are here brought together to show that there w evidence of 
attacks upon migrants, and in the hope that other observations 
may be forthcoming. Those interested in migrations are apt to be 
so occupied with estimating numbers, the direction of flight, and 
all the other facts on which information is so much desired that 
they may not be concerned with the attacks of enemies on the 
migrants. However, here is a record from Dr. C. B. Williams 
himself [10]: ” In describing a flight of Bdmoia mesmtina Cram, 
at Amani [N.E. Tanganyika Territory] in February, 1930, R. E. 
Moreau writes, ‘ Our turkey poults have been chsising them eagerly, 
bulbuls hawking them and drongos catching them and snipping 
the wings off.’ Moreau is a first-class observer and ornithologist, 
so you can be sure of the identification of the birds.” 

Captain K. J. Hayward [11] described a “ great and prolonged 
migration ” of Pieria phileta automate Bmm. in the Argentine: 
” The flight commenced on December 4 with males only, aU fresh, 
but at least 95 per cent, badly chipped, the chipping being in a 
great number of cases uniform on opposite wings. In some oases 
the apices of the wings had been tom off. ... On the 8th the 
proportion of females had risen to 60 per cent., and it was possible 
to catch any number required of perfect specimens of both sexes. 
This was no doubt due to the countless millions now passing daily 
which were far more than the birds could cope with, whereas at 
the beginning they had been fewer. On many occasions 1 found 
insects with a slightly curved mark on one of the wings. . . . (Beak 
of birds ?) . . . On several occasions 1 personally noted unidentifled 
birds (high up) harassing these migrant butterflies.” 

Mr. Stuart-Baker, in his communication already mentioned, 
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wrote: “ I remember watching a pair of King Crows (Dieruru* 
macrocercug) feeding on a swarm of small white butterfliea . , 
Whilst 1 was watching, these birds certainly caught a dozen butter¬ 
flies and probably a great many more.” 

Miss Cynthia Longfield [12] recorded a large migration of a 
species of Catopailia in Panama. There was a quantity of a white 
flowering bush which “ was scented and attracted the butterflies, 
also some large cuckoo-like brown birds, who were lying in wait 
to make sallies on them.” The birds attacked many times. 

Mr. W. L. Puxley [13] wTites of a migration of vast clouds of 
“ a butterfly of the Pieria family.” He says : “ All that day these 
clouds passed, preyed upon by flocks of birds, and wdth their numbers 
thinned by many accidents. But nothing seemed to render the 
douds less dense.” 

Finally, the records by Yerbury published long ago [14] contain 
a note on a migration of Catopailia in Burma crossing the Salween 
River in a continuous stream and being persistently hawked by 
large bee-eaters mixed with which were some king-crows. 

These observations will no doubt be disregarded as being “ few.” 
Nevertheless, just as an appeal for records has resulted in a con¬ 
siderable accession of observations on the attacks of birds, so the 
writer believes that when attention is directed to the argument 
adduced by Professor MacBride it wdll result in further records 
being published (or, better still, sent to Oxford for gathering 
together) of attacks on migrating and other butterflies. 

The writer is indebted to his friends, Mr. E. B. Ford, B.Sc., 
and Dr. B, M. Hobby, D.Phil., for helpful criticism of his manuscript 
as originally written. 
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PHOSPHORESCENCE AND PHOSPHORS 

By a. J. MEE, M.A., B.So. 

The phenomenon of luminescence has been known for centuries. 
The fact that certain animals and plants, usually of a lowly order, 
glowed in the dark, must have been observed by the earliest 
naturalists, and indeed, Pliny records certain instances of it, in¬ 
cluding that of the bivalve pholas. Decaying matter is often 
observed to be phosphorescent, and this was at one time given as 
a reason for the phosphorescence of the sea, a phenomenon now 
ascribed to the presence of certain luminous bacilli. In the vege¬ 
table kingdom, it is only algae and fungi, and a few bacteria which 
are phosphorescent, whilst in the animal kingdom phosphorescence 
is fiequently found amongst Protozoa, jeUy-fishes (medusof), worms, 
crustaceans, insects and fishes. Probably the best-known example 
of this is the glow-worm (or fire-fiy), which is not really a worm 
but a beetle. In this case it is only the female which glows in 
the dark. In fact, in the majority of cases the luminosity appears 
to be developed for the purpose of attracting the opposi^ sex, 
though in other instances it may serve as a warning signal (as in 
the case of the stinging coelenterata), or to attract prey (the angler¬ 
fish), or, with deep-sea fishes, probably to illuminate the ocean 
depths, where the light from above cannot penetrate. Of all 
animals, the glow-worm appears to give the greatest intensity of 
light, the reason being that its glow has a maximum intensity at 
a wave-length of 6700 A., which is the wave-length to which the 
human eye is most sensitive. 

In the previous paragraph the term “ phosphorescence has 
been used in its popular sense. For scientific purposes it is neces¬ 
sary to classify the various phenomena which to the layman are 
all included under phosphorescence.*^ When light falls on a 
body, part of it is absorbed, and part is reflected. light is a radia¬ 
tion, and is a form of energy. The light absorbed by the body 
therefore imparts energy to it, and this energy may be used in 
difierent ways. Most commonly it is used to raise the temperature 
of the body, but if it happens to be of the right wave-length and 
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intensity it may disturb the electrons in the atoms of whioh the 
substance is composed, removing them to orbits of higher energy 
content, or sometimes ejecting them altogether. If the leiat occurs, 
the atoms become ionised, and we are dealing with the phenomenon 
known as the photo-electric effect. If, however, the electrons are 
only shifted to higher orbits, they revert to their normal orbits, 
either at once, or at some later time. When the reversion is im¬ 
mediate, the phenomenon is referred to as fluorescence. Fluor¬ 
escent substances do not glow in the dark, but whilst light is 
incident upon them they absorb light of one wave-length (t.c. of 
one colour), and give it out at another. Fosin, the red dye of red 
ink, is a good example of a fluorescent substance. When the rever¬ 
sion of the “ exalted ” electron to its original level is delayed, 
the substance glows after the incident light is switched off, and the 
phenomenon of phosphorescence is observed. Many cases of lumin¬ 
escence popularly called phosphorescence have nothing whatever 
to do with the absorption of light, but would go on whether the 
substance were previously exposed to light or not. Examples of 
these are the luminescent animals and plants referred to above. 
The way in which the light is produced by these organisms is not 
yet definitely known, but there seems to be no doubt that it is 
really a chemiluminescence, i.e. due to a chemical reaction which 
proceeds with the evolution of light. A remarkable thing is that 
some organisms will only glow if they have been kept in darkness. 
A case in point is that of the ovoid jelly " Berde.” This is the 
direct reverse of true phosphorescence. 

The most common substance which glows in the dark is, of 
course, white phosphorus, discovered about 1674 (see 8.P., 1936, 
XXX, 402). The glow of phosphorus, however, though commonly 
called phosphorescence, is not actually an example of this pheno¬ 
menon. The glow is due to the oxidation of phosphorus, and is 
therefore an example of chemiluminescence. 

Even at the time when phosphorus was discovered, other in¬ 
organic substances were known which would glow in the dark, 
and these were the true phosphors. A so-called phosphorus was 
prepared by Baldwin in Saxony in 1674, by fusing calcium nitrate, 
and then allowing it to solidify. The product, of course, contained 
some oxide, as it is impossible to fuse calcium nitrate without 
partial decomposition, and it is now known that some other im¬ 
purities, such as the salts of the heavy metals (copper, bismuth, 
manganese, etc.) must have been present, for without them the 
mass would not have glowed. To distinguish this product from 
other glowing substances, it was called Baldwin’s phosphorus. 
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Another inorganic phosphor known at this time was Bologna 
phosphorus. This was discovered by an Italian alchemist, Cas- 
darolo, who was in search of the ” philosopher’s stone.” He 
heated a rook, probably barium sulphate, over a charcoal fire, and 
thus obtained barium sulphide, mixed with some oxide. When 
cool, the mass was found to glow in the dark. Here again, it is 
now known that the rock must have contained traces of heavy 
metals as impurities. 

In spite of their antiquity, inorganic phosphors have remained 
a scientific curiosity until quite recent times. We owe a great 
deal of our present knowledge of phosphors to the German physicist 
Lenard, who worked at Heidelberg, and although, as we have 
shown, these phosphors have been known for a considerable period, 
they are now universally termed “ Lenard phosphors.” Lenard 
worked out successful recijms for the preparation of these phosphors, 
examined their structure, and attempted to explain their phos¬ 
phorescence (see S.P., 1913, VIII, 54). 

In general, a I^enard phosphor is prepared by fusing the sulphide 
of an alkaline earth metal (calcium, strontium, or barium) with a 
flux, which itself plays no part whatever in the production of the 
phosphorescence, but merely aids fusion. A minute amount of a 
heavy metal, such as bismuth, antimony, copper, manganese, or 
lead, is added in the form of a salt of the metal during the fusion. 
Without this, no phosphorescence is produced. It is a well-estab¬ 
lished fact that the pure sulphide will not phosphoresce. The 
sulphide may be obtained from the sulphate, or from a mixture 
of calcium carbonate and sulphur, heated to about 1000° C. A 
good calcium sulphide phosphor is made by heating natural calcium 
carbonate containing some sulphur. The presence of excess calcium 
sulphate does not seriously affect the light emission of the phosphors 
though it has been shown that the presence of the oxide alters 
the position of the emission bands. In the preparation of a 
phosphor, the temperature and the duration of heating are of 
prime importance. The period over which the resulting phosphor 
will glow is partly conditioned by these factors, whUst the colour 
of the emitted light depends on the activating metal. 

It has since been found that other metals may be substituted 
for the alkaline earth metals [1], and that oxides and selenides 
may be used in place of sulphides. From the above outline of 
the method of preparation of a phosphor, it will be realised that 
some oxide was inevitably present. It has now been found possible 
to make phosphors of which the ” ground material ” is a pure 
sulphide. Amongst the metals which may be used in place of 
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the alkaline earths are sodium, rubidium, magnesium, beryllium, 
zinc, and under certain circumstances, cadmium. It was shown by 
Tiede (1921) and others, that cadmium sulphide exists in two forms, 
a dark brown form which cannot act as the basis of a phosphor, 
and a yellow form which gives a weak and short-lived reddish 
phosphorescence on activation with copper. Cadmium may partly 
replace calcium in calcium sulphide phosphors. Alkali halide 
phosphors may be made by activating sodium and potassium 
chlorides with traces of copper [2]. An interesting phosphor has 
as its “ ground material ” silicon sulphide, and appears to be 
activated by carbon alone [3]. 

The materials used in the preparation of a phosphor must be 
of the highest degree of purity, as the phosphors are activated by 
minute quantities of heavy metals, and the presence of more than 
a maximum amount of impurity extinguishes the phosphorescence. 
It has been estimated that as little as 0-000006 gram of copper in 
1 gram of zinc sulphide will render it phosphorescent. It is indeed 
difficult to obtain zinc sulphide which is so pure that it does not 
show even a weak phosphorescence without activation by a heavy 
metal. 

The composition of a few typical Lenard phosphors is given 
below [4, 6]: 

1 gm. calcium sulphate -f 0-0004 gm. antimony -f 0-2 gm. 
sodium sulphate 4- 0-06 gm. sodium chloride. 

1 gm. strontium carbonate -f 0-0001 gm. bismuth -f 0-06 gm. 
magnesium fluoride. 

26 gm. barium carbonate -f 16 gm. strontium hydroxide -f 
16 gm. sulphur -1- 3 gm. starch -}- 1 gm. magnesium oxide -f 1 gm. 
lithium sulphate -f 2 o.c. 0-6 per cent, solution of thorium sulphate 
-h 3 c.c. 0-4 per cent, cupric sulphate solution. 

The last gives a golden yellow phosphorescence. Further formules 
may be obtained by consulting the references quoted. 

The scientific study of these phosphors has naturally proved a 
difficult task. The specific action of certain heavy metals in bring¬ 
ing about phosphorescence has still not been explained, though the 
amounts of them required to give the greatest brilliance have been 
determined with some degree of accuracy. It is found that a 
maximum intensity of the glow is reach^ when the amount of 
activating metal is still very small. Besides affecting the intensity 
of the light, the nature of the heavy metal decides the colour of 
the glow. The concentration of the heavy metal also affects this, 
for examination of the emission bands of a phosphor shows that 
these reach their maximum intensity when different amounts of 
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heavy metal are present. If too much heavy metal is added, the 
resulting mass will not phosphoresce at all. A careful investigation 
of the heavy metals which will produce phosphorescence in the 
oxides, sulphides, and selenides mentioned above fails to reveal 
any definite regularities between the various phosphors. Even 
closely related elements, such as the members of the alkaline earth 
family, are not all activated by the same heavy metals. Thus 
calcium and strontium sulphides are both activated by manganese, 
whilst barium sulphide is not. Similarly, closely related heavy 
metals, such as the members of the rare-earth series, do not all 
activate the same sulphides. Thus, neod 3 rmium will activate cal¬ 
cium and strontium sulphides but not magnesium sulphide, whilst 
the closely related element samarium is successful in activating a 
much larger number of sulphides and oxides, and gadolinium can 
only be used in the case of magnesium sulphide. 

As stated above, the colour of the light emitted by a phosphor 
varies with the added heavy metal. Thus phosphors containing 
bismuth and thallium give a violet light; those containing bismuth 
and rubidium give a deep blue light. The light emitted by a 
phosphor has always a greater wave-length than the absorbed light, 
in accordance with Stokes’ rule. The emission spectra of Lenard 
phosphors have been very extensively examined, though the emitted 
light is weak, and the work consequently of considerable difficulty. 
In the majority of cases the spectra show two or three emission 
bands, and these can often be separately excited, or at any rate 
selectively strengthened by altering the conditions of preparation 
of the phosphor. 

The exact nature of the structure of these phosphors is still in 
doubt. The older view was that a solid solution of the activating 
metal in the “ ground material ” was produced. The amorphous 
appearance of the phosphors led to the conclusion that they did 
not possess a crystalline structure. Lenard assumed that the 
fundamental sulphide and oxide possessed a molecule vsdth a par¬ 
ticularly open structure, in which an atom of the heavy metal could 
easily be embedded. Such molecules with their heavy metal atom 
were termed phosphorescent “ centres,” and the mass phosphoresced 
only from these centres, the rest being non-phosphorescent. He 
supported this view by showing that the molecular volume of the 
phosphor was considerably greater than that of the pure materials, 
and that often the application of pressure to a phosphor would 
destroy its phosphorescence, with a corresponding increase in 
density. 

It is clear that this is a question upon which X-ray analysis 
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ooitld throw some light. Sohleede has applied the Debye-Soherrer 
method to phosphors, and has shown that a number of them are 
crystalline, and not amorphous as assumed by Lenard. Of course, 
it could be argued that the crystal dia>gram is due to crystallites 
embedded in a vitreous matrix, and that the vitreous portion is 
the part which is active, but there' are several reasons for believing 
that it is actually the crystalline portion that is active. ..Thus, it 
is possible to sublime zinc sulphide (Sidot’s blende) in an atiposphere 
of hydrogen sulphide and the crystals deposited are phosphbresoent. 
Moreover, Tiede has made phosphors without the use off'Euxes by 
melting alkaline earth sulphides under pressure. If it is taken 
that the crystal lattice is the seat of phosphorescence, it is easy to 
explain the effect of pressure noted by Lenard, and mentioned 
above, as a distortion of the crystal lattice. If this is true it should 
be possible to regenerate a phosphor which has been extinguished 
by pressure by gentle heating, when the increased thermal agitation 
might give the atoms a chance to get back into their origiisd places. 
This has actually been observed with zinc sulphide. 

Unfortunately, however. X-ray analysis does not elucidate the 
role played by the heavy metal atom. It has not been found 
possible to say just where the activating atom is. Smekal [6] has 
examined the conditions for the formation of mixed crystals, and 
has shown how to decide whether mixed crysttd formation (».«. 
interchangeability of atoms in the crystal lattice), or merely adsorp¬ 
tive inclusion of a foreign substance in the spaces in the crystal 
lattice, may occur. It seems possible that the second phenomenon 
may occur in the phosphors under consideration. Support is given 
to this conclusion by the fact pointed out by Tiede [7] that the 
atomic diameter of the activating metal is always less than that 
of the metal atom of the “ groimd material.” Taking calcium as 
an example, its atomic diameter is estimated to be 3*93 x 10~* cm., 
whilst the diameters of bismuth, lead, manganese, copper, wduI 
antimony are 3-10, 3-49, 2-68, 2*56, and 2*87 (all x 10“*) cm. 
respectively. It has also been shown by Tiede and Weiss [7] that 
copper can activate a zinc sulphide phosphor when the two are 
heated to a temperature of only 360° C., whilst a temperature of 
660° C. is required for mixed crystal formation. 

A theory of the spatial structure of phosphorescent mixtures 
has also bwn advanced by Sohloemer [8]. He states that the 
middle point of a phosphorescent centre is occupied by an aodve 
ion, which is surrounded by molecules, or groups of molecules in 
the form of the crystal lattice, but somewhat distorted by the 
presence of the active ion. Alternatively, the moleotdes are arranged 



PHOSPHOBBSOBKCE AKD PHOSPHORS 641 

roond the aotive ion in a siinilar way to the arrangement of water 
moleoulee round a hydrated ion in electrolytes. 

This is the sum of our present knowledge concerning the actual 
position of the activating atom in relation to the molecule of the 
alkaline earth sulphide or other “ ground material.” The next 
question is to discover how the heavy metal atom actually endows 
the “ ground material ” with the property of phosphorescence. 
Leiuurd assumed that a sort of photo-electric effect was responsible 
for the phosphoresoence. When light is shone on the alkali metals, 
particulmiy potassium, rubidium and cseeium, electrons are set free 
from the metal. This is known as the photo-electric effect. Lenard 
supposed that electrons were set free from the heavy metal atoms 
and that these electrons, instead of escaping freely, were retained 
by the “ ground material.” When the exciting light was shut off, 
the electrons returned to the original atoms from which they came, 
the process being attended by evolution of light. 

More recent work by Tomaschek [9] has extended this simple 
explanation by showing more clearly how the electron is liberate. 
Work on the enussion and absorption spectra of phosphors contain¬ 
ing the rare earths has led to the conclusion that the incident energy 
is absorbed by the molecules comprising the centres, and is 
stored as exciting energy. Thermid agitation occasionally brings 
about the collision of an excited centre molecule (which will 
not be held so securely in the lattice owing to the distorting 
influence of the heavy metal atom) with a heavy metal atom, 
the energy being transferred to the latter, which then emits aa 
electron. 

There are many other phosphors besides those commonly known 
as Lenard phosphors, but space forbids any exhaustive treatment 
of them. The naturally occurring mineral, fluorspar, calcium 
fluoride, and also the synthetically prepared calcium fluoride show 
phosphorescence. Here again the phosphorescence depends upon 
the presence of an impurity. 

Then aluminium oxide, in the presence of cortain impurities, 
becomes phosphorescent. The ruby is an example. This is alumin¬ 
ium oxide containing a very small amount of chromium oxide—as 
littiie as 0-001 per cent, of chromium oxide, CtiOi, is enough to give 
a phosphoresoenoe. As an activating element, chromium behaves 
in many respects differently from the heavy metals and rare earth 
elements [10]. Thru the absorption and emission spectra of 
chromium-containing phosphors are identical, and the spectra are 
very characteristic, being composed of three groups of lines. 
Ohnniiiuin appears to be effective chiefly when chromium oxide 
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k komorphous with the “ ground material," as it k, for example, 
with aluminium oxide. 

A very interesting class of phosphors k that often called the 
Wiedemann phosphors. It was shown by Wiedemann, in 1884, 
that if fluorescein were added to liquid gelatin, and the mixture 
were allowed to set, the prodtfct was phosphorescent. These 
phosphors, owing to their feebleness, are not easy to study. How¬ 
ever, the same phenomenon k observed when boric acid k fused 
with the addition of a little of the sodium salt of fluorescein. On 
cooling the melt, the mass k found to be extraordinarily phos¬ 
phorescent, though of short life. The glow does not as a i^e last 
for more than two minutes. These phosphors have been investi¬ 
gated by Tiede and hk co-workers [11], and are by far the easiest 
of all phosphors to prepare. About 1 gram of crystalline boric 
acid k mixed with a few drops of a solution of fluorescein in alcohol 
to which a little sodium hydroxide has been added. The mixture 
k then heated on a crucible lid, or in a shallow metal vessel until 
it almost completely fuses. Complete dehydration should not be 
aimed at. If the substance k allowed to cool, and k then illuminated 
and placed in the dark it glows with a very bright light. The 
amount of fluorescein added does not seem to be critical, nor does 
the actual temperature to which the mass k heated, provided thk 
k not too high. Phosphorescence, however, does not manifest itself 
imtil the phosphor has cooled below a definite temperature. The 
rapidity of cooling appears to affect the brightness and duration 
of the glow. The more rapid the cooling, the brighter the phosphor. 
Thk k probably doe to a greater distortion of the crystals of 
fluorescein produced by rapid cooling. The phenomenon k by no 
means confined to the sodium salt of floorescein. The author has 
investigated a number of dyes, mainly of the fluorescein class, and 
has been able to obtain phosphors of various colours. Thus, with 
the sodiiun salt of fluorescein, the phosphorescence k yeUowkh- 
green; a beautiful yellow phosphor can be produced if the sodium 
salt of tetrabromo-tetrachlorofluorescein k used in place of fluor- 
escein. Mixtures of the sodium salt of fluorescein with methylene 
blue, Biebrich scarlet, phenosEifranin, or a-naphthol-benzein give 
fine phosphors of different shades of blue, whikt methyl red gives 
a pink phosphor. All the above phosphors are excited by the light 
of an ordinary electric lamp. Others are known which are excited 
by ultra-viol^ light. The intensity of these phosphors gradually 
decreases on keeping, probably because of rehydration of the boric 
add. 

Phosphors have found a number of uses. That widi which 
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the layman most commonly comes into contact is luminous paint* 
Such paint consists of a Lenard phosphor^ usually calcium, barium, 
or zinc sulphides, mixed with a minute amount of a radioactive 
substance, without which the glow would die out, to be renewed 
after further illumination. In the scientific world, however, phos¬ 
phors, particularly zinc sulphide and barium platinocyanide, have 
been used for making X-rays, cathode rays, and a-rays “ visible/' 
These radiations excite phosphorescence in these phosphors, and 
the tracks of the rays are then easily seen. The use of barium 
platinocyanide screens in X-ray work before X-ray photography 
was developed is well known, whilst it will be remembered that 
Rutherford counted the a-particles emitted from a radioactive 
preparation by observing the scintillations produced when the 
particles struck a zinc sulphide screen. 
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VERNALISATION 

By J. R. THOMSON, B.8o.. B.So.(Aowc.) 

Department oj ApricuUurat Bdianyl Vnivereiii/ of Reading 

Vbenalisation ifl the name applied to a treatment given to seeds 
before sowing in order to hasten the time of flowering. The prac¬ 
tical application of this process has been worked out in Russia 
during the last few years and it has recently been attracting con¬ 
siderable attention in this country. The idea, however, is not 
entirely new, for it is founded on numerous investigations in plant 
physiology carried out chiefly in U.S.A. over a long period of years. 
Before going on to discuss vernalisation in practice and theory it 
is essential that these antecedents should be indicated. 

Vernalisation is concerned with the relation between the vegeta¬ 
tive and the reproductive phases of the plant’s life cycle. It used 
to be thought that these two phases were antagonistic, that growth 
and the reproductive processes could not go on together; when 
flowering started growth stopped. 

This view, however, had to be modified. It was only a half- 
truth. The antagonism is not between the vegetative phase and 
the reproductive phase, but between vegetative growth and fruit 
formation. Indeed, the production of gametes and pollination 
actually give a stimulus to vegetative growth. This initial stimula¬ 
tion is then, under practical conditions, followed by a retardation 
due to the monopolisation by the developing fruits of all the 
available food supplies. If the amount of nitrogen is limited the 
vegetative tissues may even be broken down to supply nitrogen 
for the fruits. In ideal conditions where the amount of food 
material is unlimited there may be enough to allow both fruit 
growth and vegetative growth to proceed together. The initiation 
of the reproductive phase, therefore, does not mean the end of 
the vegetative phase, the two can run side by side. It ia only 
when the developing fruits monopolise all the food material that 
growth ceases. Fruit formation should be regarded not as a repro¬ 
ductive process, but as a specialised form of vegetative growth. 
This may seem like hairsplitting and under practical conditions it 
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oertainly is, but nevertheless the distinction is w importiuit one. 

The initiation of the reproductive phase is determined by the 
conditions of the environment in which the plant is growing. One 
of the most important of these conditions is light. Now, it has 
been proved by two American workers, Gamer and AUard, that 
the time of flowering is determined, not by the intensity of light 
and not by the amount of light the plant receives, but by the 
length of day. In the tropics the days are short, there is a regular 
alternation of 12 hours’ light and 12 hours’ darkness and tropical 
plants are adapted to flower in these conditions. It was found 
that when grown in day-lengths of less than 12 hours these plants 
soon flowered, but when grown in longer days of say 16 hours 
they remained in the vegetative state and showed no signs of 
flowering. Plants which behaved in this way were called “ short- 
day plants ” and they include such economic plants as Soybean 
and MiUet. A more familiar example from our own country is the 
Violet, which flowers only in the short days of spring. Towards 
the pole the summer day-lengths become longer till in the Arctic 
circle there is no darkness at all, and plants of northern latitudes 
are adapted to flower in these conditions. It was found that when 
such plants were grown in normal long days they quickly flowered 
but, when grown in short days, they remained sterile. Plants 
which behaved in this way were called “ long-day plants.” Nearly 
all our common plants are of this type and, of our farm crops, 
wheat and turnips may be mentioned. Some plants, however, such 
as annual meadow grass, were found to be \ininfluenoed by length 
of day and they were called “ everblooming plants.” This efifrot 
of day-length was very aptly termed ” photoperiodism.” 

It was thought, at first, that this division into short-day, long- 
day and everblooming plants was a rigid one, and that a plant 
grown in an inappropriate dsy-iength would remain sterile in¬ 
definitely. This view, however, had to be subsequently modified. 
It seems that a plant has an optimum day-length giving earliest 
flovrering but can flower within a range about this optimum. Some 
plants have a very restricted nmge; these are the typical short- 
day and long-day plants. For instance. Cosmos will remain vegeta¬ 
tive indefinitely in long days. Others have a wide range ; wheat, 
for example, will eventually flower in short da 3 rB. An extreme 
example of this is annual meadow grass which will flower over the 
whole range of from 6 to 20 hours’ dayli^t. 

Another interesting fact brought to light was that when a plant 
was grown in the appropriate day-length and then transferred to 
the wrong- day-lmogth before flowering, it would still flower. For 



SOIENCB FBOOBESS 


646 

iitstanoe, CioBmos, a short-day plant, was grown in short days for 
12 days and then transferred to long days and it flowered 8 days 
after the change. This showed that the effect of day-length is 
exerted some time before flower buds become visible and that the 
effect is not negatived by a subsequent change in length of 
day. 

How can photoperiodism be explained ? Further experiments 
showed that the effect is due neither to the amount of light received 
nor to the influence of darkness. Is the effect due to the alternation 
of light and darkness ? Certainly not in the cetse of long-day plants 
as it has been shown that they can flower in continuous light but, 
for short-day plants, alternation at suitable intervals seems to be 
necessary. The alternations, however, must not be too rapid. 
Soya beans given 10 hours’ light followed by 14 hours’ darkness 
soon flower, Wt, if the exposure to light is interrupted by a period 
of darkness, t.g. 6 hours’ light, 4 hours’ darkness, 6 hours’ light, 
10 hours’ darkness, the plants will not flower even though they 
receive the same total exposure to light. The truth is that as yet 
photoperiodism cannot be explained. Our knowledge is purely 
empirical. It just happens. 

Another important factor influencing flowering is temperature. 
It has long been known that if beet or Brassica seedlings get a 
touch of frost the plants will bolt, though normally they do not 
flower till after winter. In this case the plant is subjected to the 
low temperature long before flowers become visible. This influence 
of temperature was well shown in an experiment where full-grown 
cabbages were transplanted to a warm greenhouse in October. 
They refused to flower and two years later were still growing 
vigorously. Cabbages transplanted at the same time into a cool 
greenhouse flowered in 22 weeks while cabbages left out till December 
BO as to get the full benefit of the winter cold and then transplanted 
into a warm greenhouse, flowered in 6 weeks. 

As long ago as 1910 it was shown that the germination of cereals 
at low temperatures hastened heading. Later work showed that 
when cereals were grown in warm conditions they tillered exces¬ 
sively but produced no ears. Then, it was observed in America, 
that when winter wheat wm sown late and there was suflioient 
moisture in the soil to start germination before the cold set in, 
seedlings appeared in spring and the plants headed normally, 
whereas, if there was not sufficient moisture, the seeds remain^ 
dormant till spring and then germinated but the plants did not 
head, •.«. they behaved like spring-sown winter wheat. This sug¬ 
gested that the winter cold influenced germinated seeds but not 
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dormaat seeds. Other experiments all went to show that tem¬ 
perature has just as muoh influence on time of flowering as length 
of day. 

The foregoing paragraphs indicate what was the state of our 
knowledge at the time the Russian work began to assume im¬ 
portance. The position may be summarised as follows: 

1. The vegetative and reproductive phases of a plant’s life cycle 

are not antagonistic but can run together. 

2. Two of the major factors influencing the time of flowering 

are length of day and temperature. 

3. The influence of these two factors can be exerted long before 

flowering becomes visible. 

And now let us turn to the Russian work. The Russian in¬ 
vestigations on vernalisation have been carried out by several 
workers, but the co-ordinating mind is Lysenko, and it is he who 
has stated the theory underlying the process. His ideas have been 
summed up in four postulates : 

1. Growth and development are not identical phenomena and 

they are independent. 

2. The entire process of the development of an annual seed 

plant consists of individual steps or stages. 

3. The stages always proceed in a strict sequence and a sub¬ 

sequent stage cannot set in until the preceding stage has 

been completed. 

4. Different stages of development of the same plant require 

for their completion different external conditions. 

Emphasis is laid on the distinction between growth and develop¬ 
ment. Growth is a quantitative change, it gives an increase in 
number or size but it produces nothing new. Development, on 
the other hand, is a qualitative change, it produces something new, 
in this case the reproductive organs. We have already seen that 
these two processes can proceed independently. 

How many of these postulated stages in development there are 
is not known, but, so far, Lysenko has distinguished two of the 
early stages and the external conditions they require. These axe 
the “ vernalisation stage ” and the “ photo stage.” The vernal¬ 
isation stage is a stage requiring a definite temperature. We have 
already seen that Brassicas and cerwls must have a low tempera¬ 
ture some time in their life cycle before they can flower. This is 
the stage for which the low temperature is necessary. Once this 
stage has been completed temperature no longer has any efiBsot on 
flowering. Similarly, the photo stage is a stage requiring a par- 
tioular length of day, and, after this stage has been paswd, the 
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day-length is of no consequence. The photo stage cannot proceed 
until the vernalisation stage has been completed. 

These two stages of development can be passed at any phase 
of growth. The essence of Lysenko’s treatment of seed is that 
they are passed before the seed ft sown and yet the seed is still 
in a condition to be sown by normal methods. The young plant 
is made to pass these stages by appl 3 dng the appropriate external 
conditions artificially. It is no use doing this to the dormant seed, 
the embryo must have germinated and started growing. If seed 
is germinated in the usual way growth is too quick and long radicles 
are produced. In this condition it would be quite impossible for 
the seed to be sown. Growth is therefore slowed down by limiting 
the amount of water. It has been found that seed will germinate 
slowly if the moisture content is raised to 50 per cent, and this 
can ^ done in practice by adding to the seed 30 per cent, of its 
weight of water. The seed is germinated until the radicles are 
just beginning to burst their seed coats and then the treatment 
is applied. After treatment the seed can either be sown im¬ 
mediately or dried and kept until later. As treatment does not 
interfere with vegetative growth the yield from treated seed is 
satisfactory. 

The treatment applied varies for different plants. Here we will 
consider two crops t 3 rpical of different requirements, wheat and 
maize. 

Winter wheat requires a low temperature for its vernalisation 
stage and long days for its photo stage which normally it receives 
in winter and summer respectively. When winter wheat is sown 
in spring it tillers excessively but rarely heads the same season. 
This is not because winter wheat requites a longer time before 
heading but because the absence of low temperatures prevents its 
passing the vernalisation stage. Vernalisation treatment consists 
in keeping the partially germinated seeds at a temperature between 
0“ and 6° C. for anything from 15 to 60 days according to the 
variety, thus enabling them to pass the vernalisation stage. When 
sown in spring the plants can pass the photo stage in the natural 
conditions of long days and wffl head and ripen seed the same 
season. By means of this process, therefore, winter wheat can be 
sown in spring, and, in Russian conditions, the resulting crops are 
earlier and give bigger yields than spring wheats. The differenoe 
between winter and spring wheat is that, for the vernalisation 
stage, winter wheat requires a long period of intense cold widh» 
(pring wheats require very much less. The result of artificial 
vernalisation, therefore, is to bring winter wheats into Hie 
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ooBdition as spring wheat. Indeed, the meaning of the word 
“ vemalise ” is “ to bring into the spring condition ” although the 
term is now applied to any process of seed treatment designed to 
accelerate flowering. 

In maize the vernalisation stage requires a temperature of 
20-30° C. This temperature is quite common in temperate regions 
and, therefore, this stage can be passed in the field. The photo 
stage, however, requires a short day and the long days of temperate 
regions prevent this stage being passed and so prevent flowering. 
It is this factor of day-length and not temperature that is said to 
prevent maize growing in northern latitudes. The Russians believe 
that this can be remedied by suppling the conditions for the 
photo stage artificially. Lysenko holds that for short-day plants 
edtemation of day and night is unnecessary, that darkness alone 
brings about the photo stage and light hinders it. From this it 
is concluded that the requisite dar k ness can be supplied in one dose 
and the treatment consequently consists in keeping the partiaUy 
germinated seeds in complete darkness. The photo stage must of 
course be preceded by the vernalisation stage which requires a 
high temperature, and, in practice, the two conditions are supplied 
together, the seeds being kept in darkness at a temperature of 
20-30° C. for 16 days. The seed subsequently sown will produce 
plants which, it is claimed, will flower in long day conditions. 

This work embodies two new ideas of great importance. These 
are; 

1. The slow germination of seeds with low water content and 

the application to this material of the external conditions 
necessary for flowering. 

2. That short-day plants require darkness for flowering and that 

this darkn^ can be supplied in one dose. 

Work on similar lines, and to a certain extent independently, 
has been proceeding in the U.S.A. and it is interesting to compare 
the Russian and American results. American workers agree that 
the cold treatment of wheat accelerates flowering but believe that 
^e day-length factor cannot be left out of account. It is pointed 
out that vernalisation reduces yields as compared with winter-sown 
wheats. From their results it appears that the life cycle of winter 
wheat has two phases—an early phase requiring low temperatures 
and short days and a late phase requiring high temperatures and 
kmg days. These, of course, are the natural conditions under 
which wheat is grown, the early phase being passed in winter and 
the late phase in summer. It was found that day-length in the 
eaiiy phase had as much influsnoe on the time of flowering as 
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temperature and that when the oorreot oonditions for both phases 
were supplied, there was earliest flowering combined with highest 
3 ridd. It is emphasised that these are optimum and not essential 
conditions. Winter wheat sown in spring does not flower because 
it lacks the low temperature and short days required for the early 
phase, but it would flower if the season were long enough. This 
has been demonstrated by removing the plants to a greenhouse 
and thus prolonging the season. In these oonditions the plants 
eventually flowered even though they never experienced low 
temperatures. 

As for the theory that short-day plants only require darkness 
for flowering there is really no experimental evidence for it but 
some definitely against it. Gamer and Allard’s experiments on 
short alternations of light and darkness showed that the total 
exposure to darkness would not explain the effect of short days 
and their attempts to make Cosmos flower by keeping it in the 
dark failed. Vernalisation of maize has been tested in America 
and the most striking effect of the process was found to be a serious 
reduction in field germination. The hastening of flowering was 
found to be negligible though a slight acceleration was found when 
vernalisation was carried out in continuous light instead of darkness. 
Finally, it was shown that maize can flower when grown in con¬ 
tinuous light. In face of such evidence the vernalisation of short- 
day plants cannot yet be regarded as an accomplished fact. 

The value of vernalisation to British farmers can only be decided 
by trials with our own varieties and under our own oonditions but, 
at the moment, it seems unlikely that it will ever play a prominent 
part in British agriculture. It is true that there is a lack of really 
good spring wheats but, at the same time, there is no serious need 
for them. Winter sowing will always be preferred to spring sowing, 
for not only does it relieve the congestion of work in the spring 
but it also gives a better yield. Vernalised winter wheat will give 
a better yield than spring wheat but winter-sown wheat will give 
a better yield than either. Spring sowing is sometimes unavoidable 
but it would not be economic for a farmer to maintain an expensive 
cooling plant for such emergencies, though it might be done by 
contract. The possibility of making Brassioas flower in their flrst 
season should not be overlooked. If this proves to be practicable 
seed growers will indeed benefit. As for short-day plants, if the 
vernalisation of these plants is ever achieved it is difficult to imagine 
that they will ever be grown on a large scale. A possibility would 
be the smail-scale growing of maize for green cobs to be used as 
a vegetable. 
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In Russia conditions are altogether different. There the greatest 
need is for a wheat which will head before the dry season sets in. 
The number of famines in the past is a measure of how far the 
wheats commonly grown in Russia have failed, in this respect, and 
it looks as though vernalisation will provide the remedy. The 
drought and long days of Russia are all against growing crops 
such as maize and millet, but there seems no reason to doubt that 
if vernalisation of short-day plants ever proves possible, they will 
be grown. 

In America, of course, short-day plants are already extensively 
grown, particularly maize and Soybean. The day-length is cer¬ 
tainly more than 12 hours but it is less than in Russia. Trials of 
vernalised wheat have shown that it is inferior both in yield and 
earliness to spring-sown Marquis. Marquis is the ideal wheat for 
American conditions and it cannot be improved upon by vernalisa¬ 
tion. In fact vernalisation is unnecessary in the States and it 
would probably be true to say that, if it were of any practioal 
advantage there, it would have been put into practice long ago. 
Was it not an American who wrote: “ To convert winter into 
spring wheat, nothing more is necessary than that the winter wheat 
should be allowed to germinate slightly in the fall or winter, but 
kept from vegetation by a low temperature or freezing, until it 
can be sown in spring. This is usually done by soaking and sprout¬ 
ing the seed and freezing it while in this state and keeping it frozen 
until the season for spring sowing has arrived. Only two things 
seem requisite: germination and freezing. The experiment of con¬ 
verting winter wheat into spring wheat has met with great sno- 
” ? And that was written in 1867 ! 
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ASTRONOMY. By R. W. WbiqIiRV, M.A., F.R.S.E., Royal Observatory, 
Edinburgh. 

Thb 200-inoh Telbscopb.— ^In the Aatrophysicul Journal, 82, No. 
2, Dr. G. E. Hale describes the progress to date of the new astro- 
physical observatory of the California Institute of Technology. 
This ambitious undertaking was made possible by large monetary 
grants made by the Rockefeller Trustees to the California Institute, 
conditional on an assurance of active co-operation by the Carnegie 
Institution of Washington, and the provision of an adequate en¬ 
dowment for the new observatory by the California Institute. The 
plan for the new establishment is due largely to Dr. Hale, and it 
includes (1) a 200-inch reflector with subsidiary instruments erected 
on the most favourable high altitude site in the neighbourhood of 
Pasadena ; (2) a laboratory situated in Pasadena equipped for the 
reduction and interpretation of the observations, for physical 
experiments, and for general research ; and (3) instrument and 
optical shops for the construction and testing of the special apparatus 
required. In the words of Hale, “ the chief points to be borne in 
mind are (1) our purpose to supplement rather than to duplicate 
existing apparatus ; (2) to multiply the efficiency of all our instru¬ 
ments not merely by increase in size but by every possible improve¬ 
ment in methods of design and construction, and especially by 
the development of new auxiliary apparatus ; and (3) to render 
the results of these investigations available at once.** 

The giant 200-inch telescope is to be an equatorial reflector, 
mounted so as to permit observation at the principal focus, at 
the Cassegrain focus below the large mirror, and at the oondi 
focus within a constant temperature laboratory south of the polar 
axis. The mirror disc has not been cast without considerable 
difficulty. Fused silica was first selected as the material on account 
of its very low coefficient of temperature expansion. A mass of 
nearly pure quartz sand was fused in a circular eleotiio furnace 
comprising the mould, and the disc thus obtained was coated with 
a layer of transparent fused quartz produced by spraying the pure 
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orystaUine substance in finely granular form on to the hot surface. 
Complete success attended these efforts up to a diameter of 25 
inches, but for much larger discs the difficulties encountered proved 
insurmountable and the method had to be abandoned. Pyrex 
glass was then adopted as the material, and, after successful experi¬ 
ments with smaller sizes, a 200-inch disc was cast in March 1934 
at the Coming Glass Works. Unfortunately the extremely high 
temperature of the glass proved too much for the stability of the 
mould, and another attempt had to be made eight months later 
before success was attained. An electrical control system was 
devised for lowering the temperature of the disc during the annealing 
process, which, as expected, has taken nearly twelve months to 
complete. The disc has now been accepted as satisfactory. As 
both the 60-inch and the 100-inch mirrors on Mount Wilson have 
been successfully aluminised at the California Institute, it is not 
expected that the coating of the 200-inch will present any difficulty. 

Experiments have also been made with other possible materials 
for the mirror. Stainless steel has certain advantages in its heat 
conductivity, the permanent brightness of its surface, its high 
coefficient of reflection in the ultra-violet, and its relatively small 
cost. A special type of metallic disc having a thin layer of glass 
of the same coefficient of expansion securely fused to its surface 
has been found to be remarkably insensitive to sudden large changes 
of temperatrme. It should therefore be of special advantage for 
solar work with a coolostat, and with this object a 36-inch plane 
mirror of this type has already been obtained firom the Philips 
Lamp Works. 

The mounting of the telescope is to be of a modified yoke type, 
with the declination axis placed not far below the centre of the 
tube. This arrangement will increase its stability, and allow the 
use of a relatively smaller dome. The observer will be carried in 
a cartridge-shaped house at the principal focus, and no Newtonian 
flat mirror will be necessary. 

The s ummi t of Mount Falomar, latitude 33° 21' N., altitude 
6,100 feet, is the probable site for the erection of the telescope. 
Situated 63 miles south-east of Pasadena and 60 miles north of 
San Diego it should be firee from the interfisrence of city eleotrio 
lighting, and yet be sufficiently accessible to permit the necessary 
co-operation with the staffs at Mount Wilson and at the California 
Institute. A series of meteorological observations extending over 
five years shows the average wind velocity and rainfall to be s imil a r 
to those on Mount Wilson, and the seeing has been pronounced 
■uperior. 
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The optics of the new instrument has received special attention 
!&om Dr. Prank E. Ross of the Yerkes Observatory. The only 
aberration which is important in the focal plane of the usual 
paraboloidal reflector is coma, which is directly proportional to 
the radius of the field and to the'square of the aperture ratio of 
the mirror. The high speed ratio F/3-33 planned for the 200-inoh 
mirror, will permit the study of very faint stars and nebulee, but 
it implies a very small field. According to the simple theory of 
coma, if (i" is the angular distance of a star from the axis of the 
mirror, D the aperture, F the focal length, and K* the total length 
of the comatic image in seconds of arc, then 



and the breadth of the image is | K'. Plates taken with the 100- 
inoh reflector and with the 36-inch instrument at lack show that 
an image does not appear defective until it is oomatioally enlarged 
35 per cent. On this assumption the above equation shows that 
for the 200-inch reflector coma will become noticeable at an angle 
^ = 87' from the axis. The total coma-free field will accordingly 
be only 14 mm. in diameter, but Boss is inclined to increase this 
estimate by 60 per cent, and to expect reasonably good definition 
in a field of about 20 mm. Even so, the field will be too small 
for successful work in photographic photometry and astrometry?;’; 
though adequate for most other researches. 

In the Aatrophyaiml Journal, 81, No. 2, Dr. Ross describes his 
investigations regarding the possibility of introducing a lens system 
near the focus, and thus correcting the coma without causing other 
aberrationB of a serious amount. Employing the third-order 
equations of general optical theory, he has obtained a solution fpr 
a two-piece lens system which eliminates coma and astigmatism, 
while leaving a certain amount of the less important spherical 
aberration. The lens is a two-piece one, with separated com¬ 
ponents of the same glass. On account of the necessary thickness 
of the lens elements it is not possible to design a system of strictly 
zero power and also satisfy the colour correction, but the increase 
in the focal length of the instrument and the outward displace¬ 
ment of its focus have been kept within admissible limits. It was 
found that a double family of lenses could be designed with different 
amounts of spherical aberration varying inversely as the extent a£ 
the field free from astigmatism. Correcting lenses, based on the 
theory of this paper, have already been constructed for the dO-inch 
and lOO-inch reflectors at Mount Wilson, and have resulted in a 
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very satisfactory enlargement of the field of good definition. For 
the 200-inoh telescope Dr. Ross has designed two separate correcting 
lenses, both of which will remove coma. The first, with a spherical 
aberration confusion disc l-S* in diameter, is for use under the 
best seeing conditions, when the area of the useful field at the 
principal focus of the instrument will be increased tenfold. The 
second lens, to be used when conditions of seeing are not so 
favourable, will have a confusion disc of 2-5'', and will increase 
the field from twenty to thirty times. The loss of Ught caused 
by the introduction of the lens is only about 0-26 of a magnitude, 
and is therefore only slightly more than that produced by the 
silvered surface of a Newtonian flat. 

The Astrophysical Laboratory is situated in Pasadena, and the 
building has already been completed. To facilitate work which 
requires a constant temperature there have been provided two and 
a half storeys completely under ground, in addition to a rectangular 
well, 13 X 30 X 60 feet, designed for a 76-foot spectrograph to be 
used with a ooelostat with plane mirrors 36 and 30 inches in 
diameter. This is to be placed in a tower 68 feet in height, firom 
which the solar beam is reflected nearly vertically downwards. 
By means of a system of concave and convex mirrors it will be 
possible to place solar images 22, 14, and 7 inches in diameter on 
the slit of the spectrograph. Provision is to be made for the 
t - eoial polarising apparatus required in the study of solar magnetic 
phenomena, while the auxiliary equipment includes a large magnet 
for work on the Zeeman effect, an electric furnace, and a special 
interferometer spectrograph. The building also includes offices, 
library, photographic, photometric and chemical laboratories, and 
six dark-rooms. 

The Instrument and Optical Shops occupy adjoining buildings 
near the Laboratory. The former is equipped with modem machine 
tools which, while not large enough to undertake anything so 
huge as the mounting of the 200-inoh telescope, are competent to 
deal with the construction of its auxiliary apparatus. A 6-ton 
electric crane runs overhead through the central bay, so there 
will be no difficulty in handling heavy castings. The numerous 
machine tools are all motor driven and are very comprehensive. 
The Optical Shop, connected by an arched entrance-way, consists 
mainly of a large single room of a sise sufficient for figuring and 
testing the 200-inoh mirror, a task estimated to occupy at least 
five years. The inner walls are lined with a 2-inoh cork, and a 
special air-conditioning system, giving control of the temperature 
and humidity of the air, has be^ installed. The 200-inah grinding 
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wumViinft is now being built, and suitable ones are already provided 
for smaller sizes. Work is at present proceeding on a Pjnrez disc 
of 120 inches. 

Such lavish expenditure on research is possible only in America, 
and workers in other less favoured countries have to be content 
with much simpler equipment. Nevertheless, there is considerable 
truth in Einstein’s remarks in his book The World as I see it, “ We 
are unjust in attempting to ascribe the increasing superiority of 
American research work exclusively to superior wealth ; zeal, 
patience, a spirit of comradeship and a talent for co-operation play 
an important part in its successes. I have a warm admiration for 
the achievements of American institutes of scientific research.” 

Private generosity in aid of astronomy is, however, happily not 
confined to the United States, for on May 31 there was a formal 
opening of the David Dunlap Observatory, which has been presented 
to the University of Toronto by Mrs. Dunlap in memory of her 
husband. The Journal of the Boyal Astronomical Society of Canada, 
September 1936, contains a full account of the opening, together 
with a description of the Observatory by the new director, Dr. 
R. K. Yoimg. The principal instrument is the 74-inch reflector, 
the largest instrument in the British Empire. The mirror was oast 
of pyrex glass by the Coming Co., New York, but the figuring and 
polishing as well as the construction of the mounting were entrusted 
to Messrs. Grubb-Parsons of Newcastle-on-Tyne. It wiU be used 
chiefly in the field of stellar velocities, and spectral photometry. 

Vakution in Solab Radiation. —^In the Smithsonian Miscel¬ 
laneous Collections, 94, Nos. 10 and 12, C. G. Abbot gives an account 
of the measures of solar radiation which have been made during the 
years 1920-34 on certain mountain peaks in desert lands. The 
three stations now in use average over 8,000 feet in altitude, and 
ate situated in California, Chile, and the Sinai Peninsula, the last 
named having superseded in 1933 the earlier establishment at 
Mt. Brukkaros, South-West Africa. The radiation has been 
measured by silver disc and water flow pyrheliometers, supplemented 
last year by the electrical compensation pyrheliometer. The sun’s 
ultra-violet rays are cut off by the layer of ozone in the higher 
atmosphere, while water vapour performs a similar function In the 
infoa-red, but it has been found that observations of the brightness 
of the sky in the neighbourhood of the sun suffice to give an eifri mate 
of the losses of radiation at all spectral wave lengths through 
traversing the atmosphere. The method in use is explained in 
the Smithsonian Annals, 5, and by its aid the ’’ solar constant,” 
the intensity of the sun’s radiation outside the atmosphere «t 
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earth’s mean distance is computed. Variation in the solar constant 
has been demonstrated by simultaneous measurements at stations 
in opposite hemispheres, where seasonal effects are quite different. 
To casual inspection the variations appear irregular, but closer 
examination has found evidence of a well marked 23-year cycle, 
together with some integral submultiples of this period. This is, 
of course, approximately equal to the solar magnetic spot cycle, 
and twice the ordinary sun spot period. Various terrestrial phe¬ 
nomena depending on weather have been examined, and several 
have been found to show the influence of this twenty-three-year 
cycle. They include the flow of the River Nile, the levels of the 
American Great Lakes, the rainfall of southern New England, and 
the widths of the annual rings in the trunks of trees. Abbot claims 
that, on these lines, successful forecasts of weather, relating to 
both temperature and rainfall, have been made several months in 
advance for various localities in the United States. 

The connection thus established between solar and terrestrial 
phenomena may prove useful in long-range weather forecasts for 
regions where conditions are relatively stable, but it seems hardly 
likely that such forecasts wiU ever be very reliable for so variable 
a climate as that of Great Britain. Apart, however, from all 
meteorological possibilities, the existence of a deflnite period in the 
variations of the solar constant of radiation is -of great interest 
from the standpoint of the sim regarded as a typical star of spectral 
class G. 

PHYSICS. By W. N. Bond, M.A., D.So., F.Iiwt.P., The University, 
Reading. 

Thb Velocity of Light. —A report has now been published 
(Astrophya. J., 82, 1, 2&-61, July 1935) of the measurements 
of the velocity of light in a partial vacuum, that were carried out 
by A. A. Michelson, F. G. Pease and F. Pearson between September 
1929 and March 1933. 

The name of Michelson will always be associated with his out¬ 
standing work on interferometry and on the velocity of light. About 
fifty years had passed since Professor Michelson made his first 
measurements of the velocity of light. The results that he obtained 
in 1879 and 1882, namdy 299,910 50 and 299,853 d: 50 km./sec., 

were of remarkable accuracy. Apart from Newcomb’s measure¬ 
ment made in 1882 (299,880 ± 30), Miohelson’s results remained 
unsurpassed for about forty-five srears. Then, in 1926, he was 
able to carry out a fiirther determination by the rotating mirror 
me&od, in which a considerable improvement was made. 
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In measuring the velocity of light by the rotating mirror method, 
it was usual for the beam of light to be reflected from a rotating 
mirror, pass to a distant stationary mirror, and on its return be 
It gn-in reflected by the rotating mirror. The subsequent path of 
the beam did not quite coincide with its original path, owing to 
the change that had occurred in the position of the rotating mirror. 
In such experiments three things had to be measured : the distance 
to the fixed mirror, the angular velocity of the rotating mirror 
and the rather small angle between the original and final paths of 
the light. 

In the newer form of apparatus, the rotating mirror consisted 
of a regular prism with four or more faces. The speed of rotation 
was so large that the light, on returning from the distant mirror, 
impinged on the succeeding (or some later) face of the prism. It 
was arranged that the original and final paths of the light almost 
coincided. During the time taken for the light to pass to and 
from the distant mirror, each face of the rotating mirror had moved 
nearly to the place formerly occupied by the preceding face. The 
angles between adjacent faces of the rotating mirror most be 
almost exactly equal; but the angle between the two beams of 
light now only appears as a small term in the calculation. 

By 1021 preliminary ex])eriments had been carried out using 
the new method ; and between 1924 and 1026 an extensive series 
of measurements was made, between Mount Wilson and Mormt 
San Antonio (Aatrophya. J., 65, 1, 1927). The final result may* 
be given as 299,796 ± 4 km./sec. (R. T. Birge, Nature, 134, 771, 
Xov. 1934), indicating a very considerable increase in accuracy. 

There were two reasons why Miohelson thought that it was 
desirable to repeat these experiments. In the first place, it was 
felt that a short straight base line on level ground could be more 
accurately measured than the distance between the tope of two 
mountains. And, secondly, it was advisable to carry out the 
measurements in air at quite a small pressure, so that only a very 
small and easily estimated correction would be required to deduce 
the velocity of light in a vacuum. Professor Michelson planned, 
therefore, to have the experiment carried out in a straight tube, 
from which most of the air had been removed. This arrangement 
would have the additional advantage of giving a small, well-defined 
image, unaffected by atmospheric disturbances. 

Michelson proposed and planned the work, obtained funds for 
the project and lived to see the apparatus installed; but he was 
unable to take part in the measurements. The apparatus was 
erected at the Irvine Ranch near Santa Ana, California, and the 
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ineasatementB were oarried out by F. G. Pease of Mount Wilson 
Obeervatory and F. Pearson of the University of Chicago. 

Much of the apparatus was installed inside a steel pipe, 26 
inches in diameter and a mile long, evacuated to pressures which 
ranged from 0-6 to 6-6 mm. of mercury. Light from an arc lamp 
(operating on 110 volts and 40 amperes) passed through a condensing 
lens, to an adjustable slit about inch wide, and was then reflected 
by the rotating mirror. 

The rotating mirror was of well-annealed optical glass and had 
32 faoes on its edge. The effective aperture of each of these faces 
was about ^ inch square. The angles between the faces were 
correct to 1* and each face was flat to 01 of a wavelength of light. 
Below the mirror, and on the same spindle, was an air turbine, 
capable of rotation in either direction. The whole rotating system 
was supported on plain journal bearings and a single-ball step¬ 
bearing below. 

The rotating mirror was adjusted into synchronism with a 
tuning fork, so that it made 686, 366 x 2 or 366 x 2 revolutions 
per second, according to the particular experiment. The exact 
frequency of each fork was measured in terms of a pendulum that 
had formerly been used by the United States Coast and Geodetic 
Survey. The pendulum was housed in a bronze box in which the 
air was maintained at a low pressure; and for moat of the time 
the pendulum was enclosed in a constant temperatiue case. The 
pendulum was standardised by time signals sent by wireless from 
Arlington four times each day, using for the comparison a recording 
chronograph and either a ship’s chronometer or a system controlled 
by an oscillating quartz crystal. It was estimated that the time 
of rotation of the revolving mirror could be determined in this 
way to one part in a million. 

The light from the rotating mirror entered the evacuated tube 
through a glass window in the side. After being reflected eight or 
ten times along the tube it returned to the rotating mirror, and 
Anally formed an image of the slit at the adjustable cross-wire of 
an eye-piece. The total path of the light was about 8 miles in 
some experiments and 10 miles in others. 

Two modifications of the optical system were tried but abandoned 
because they were less satisfactory. The experiments had all to 
be carried out at night, when the air that remained in the long 
pipe was at a fairly uniform temperature. By doing sets of readings 
with the mirror rotating in the reverse direction, the necessity for 
a zero reading was avoided. 

The long tube had its axis nearly in a North-East-South-West 
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line. To fom a Buitable base line for measurement, six piers were 
placed in a line parallel to the tube but 10 feet to the North-West 
of it. The chief distance was measured by the U.S. Survey and 
also by F. G. Pease, with the following results: 

1931 (Garner; 9 Traveraes) 1,504,259*2 mm. 

1982 (Latham; 8 Traverses) 1,594,266*8 „ 

1933 (Latham; 31 Traveraes) 1,594,272*3 „ 

1933 (Petwio; 8 Traverses) 1,694,263*8 „ 


The slight changes may indicate a real change in the earth*s surface. 
The maximum disagreement, 13 mm. (or about 1 part in 100,000), 
was of considerably less importance than disagreements between 
certain of the velocity determinations, and therefore a mean of 
the base-line measurements was used for all the final calculations. 


Each “ set ’’ of observations made with the apparatus, generally 
gave three separate determinations of the velocity of light, and 
took about a quarter of an hour to carry out. The total number 
of separate determinations of the velocity was 2885J. The results 
of single sets ’’ of observations deviated from the mean of a small 
group of sets (or from the mean of all the observations) by about 
±11 km./sec., on the average. Hence we may conclude that 
each of the 2885| separate determinations had an average error 
of about ± 14 km./sec. 

There was, however, definite evidence of small systematic errors. 


This 

foiir 

may be illustrated by the arrangement of the results into 
groups : 


Date. ! 

Number of 
DetermiiiAttoiui. 

Mean Vi^odiy. 

1931 

1932 
1932 
1932 

Fob .-July. 

March-May. 

May-Aug. 

0ec.-1933 Feb. 

493 

763* 

742 

897 

299.770 km./ms. 
299,780 

299.771 

299,776 „ 


Total . . = 

2885* 

299,774 « mean. 


In the absence of any systematic errors, the above four mean 
values would be expected to differ from the final mean by amounts 
of the order of magnitude ± U/VlW = ± 0-6 km./sec., whereas 
the differences are actually about ± km./sec. Repeated measure¬ 
ments of the base line and checks on the clock-rate revealed nothing 
capable of accounting for the systematic errors ; no effect of the 
instruments was discovered that would explain the variations. 

When the velocity measurements were plotted against time, 
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they appeared to resemble the tidal curve at the coast (about 6 
milra away) but leading by 10 hours on the tide. Now the local 
tide lagged 10 hours behind the lunar force. This suggested that 
the apparent variations in tho velocity of light were partly due to 
action of the lunar forces. But the direct action of the lunar 
forces in producing earth expansion or in changing the period of 
the pendulum (\ised in timing) is supposed to be too small to account 
for the effects. Nevertheless, curves of the components of the sun- 
moon tide forces were computed. A slight correlation with the 
measurements of light velocity was suggested in the case of the 
horizontal component perpendicular to the tube. The authors 
remark “ The scattering of the points is so large, however, that 
it is questionable whether the plot has any real significance.” 
This seems a surprising conclusion. From the considerable number 
of data plotted in the paper, I deduce the coefficient of correlation 
as — 0-28 ± 0-06. There seems to be quite definite evidence for 
a slight correlation; for if it were only an accidental or spurious 
correlation, it would only be expected about once in 500 occasions I 

The authors also find slight indications that the measurements 
of light-velocity vary with the nearness of the moon, lower velocities 
tenffing to occur when the moon is at about its average distance 
from the earth. I believe that there is not enough evidence to 
support this conclusion, and the authors describe the results as 
having “ low weight.” 

The more general question of whether the apparent velocity 
of light is decreasing with time or varying in a periodic way, has 
formerly been discussed. Reference may be made to a letter from 
Professor Birge {Nature, 134, 771, Nov. 1934). There seems to 
be insufficient evidence to support either suggestion. 

The Value of the Elboteonic Chahge. —It is well known 
that there is a rather marked disagreement between the value of 
the electronic charge deduced from Millikan’s oil drop experiment, 
(4’769 ± 0'006) X 10“^* e.s.u., and values deduced by using 
X-rays to measure a crystal-lattioe in terms of the known spacing 
of a ruled grating (4-804, 4-806 and 4-806). G. Kellstrdm has 
recently made a determination of the viscosity of air {Nature, 
136, 082, 1936) obtaining the value (1834-8 ± 3-0) x 10~’. This 
differs condderably from the value Millikan used (1822-7 0-9), 

and would change the ml drop estimate of e to 4-816 ± 0-013, in 
agreement with the X-ray estimate. 

. K. Shiba had previously suggested that Millikan had assumed 
too low a value for the Ysmoaity {Inst. Phys. and Chem. Besearch, 
Tokyo, 8ci. Papers, 19, 97,1982). It may be felt that the viscosiiy 



SCIENCE PBOOBB8S 


662 

data leave the question unsettled. There seem, however, to be 
three reasons for believing that there is a real disoiepanoy betwemi 
the two methods of measuring e. Firstly, a recent determination 
based on the automatic counting of more than 1,000,000 a-partioles 
(E. Schopper, Zeit.fllr Phys., 93, 1,1935) gives a value 4'768 ± 0*006, 
agreeing well with Millikan’s value. (Schopper later found varia¬ 
tions in the e.m.f. of his standard cell, and decided to repeat the 
experiments: ibid., 94, 649, 1936.) Secondly, if e be assumed to 
have the higher value, other discrepancies will be produced or 
increased (see Birge, Phya. Rev., 48, 918, Deo. 1, 1936, and Nature, 
137, 187, 1936). Thirdly, Eddington’s theories give, directly, 
c/ffi == 1-770 X 10’ and e — 4-776 x 10"^*, agreeing with Millikan 
but disagreeing with the experimental values of e/m ; but when 
modified by a factor 136/137, the values become 1-767 x 10’ and 
4-811 X 10"*®, agreeing with the experimental values of c/m and 
giving almost the X-ray value for e (Bond, Nature, 135, 825, May 
1935). It seems, therefore, that the discrepancy in the e values 
is not experimental, but due to incomplete theory, end that the 
o m ission of theoretical factors such as 136/137 may be the cause 
of some of the other discrepancies (mentioned by Birge) that still 
remain. This point of view is supported by Eddington, who states 
(Proc. Roy. Soc., 152A, 269, 1935), that according to his theory 
the factor 136/137 “ vitiates many of the so-called observational 
constants.” 

The Numbeb of Particles in the Universe. —The gradual 
welding together of theoretical physics into a single structure has 
been achieved largely by finding that certain important physical 
quantities are related to one another. One of the simplest instances 
is the discovery that the ratio of the electro-magnetic and electro¬ 
static units of charge is equal to the velocity of light in a vacuum. 
A more complex instance is Bohr’s expression of the Rydberg 
spectroscopic constant in the form 2;r*e*m/A*c. 

Basing his work on Relativity theory and on a modification of 
Dirac’s equation for an electron, Sir Arthur Eddington has suggested 
relationships between the masses of electron and proton ; between 
Planck’s constant and the electronic charge (hc/2n^ =» 187); and 
between the rate of recession of spiral nebubs and certain funda¬ 
mental physical constants. These suggestions have not, as yet, 
met with anything like universal acceptance. There is reason to 
believe that their importance will gradually be realised. As long 
ago as 1929 {Naturwisa., June 28) Professor Sommerfeld remarked 
in this connection that “ the most complete solution of a problem 
mathematically is often the one found in practice.” 
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In a recent paper (Proe. Roy. Soc., 152A, 253-72, 1935) Sir 
Arthur develops his theories further. (A brief acoounb appeared 
in Monthly Notices, Roy. Asl. Soc., 95, 636-8, June 1936.) Using 
experimental values of certain atomic constants, together with the 
value of the gravitational constant, he deduces that the number 
of particles in the Universe is 

N = 1-673 X 10” - 136-82 X 

to about ± 1 or 2 parts in 1000. There are supposed to be N/2 
protons, N/2 electrons; and positrons and negatrons count as 
minus electrons and protons. Eddington remarks that “ it seems 
probable that the exact value of N is 136 x 2*®*.” He was helped 
to reach this conclusion by Fiirth’s earlier suggestion that the core 
of the number N is 2*®*; by the association of the numbers 266 
and 136 with the double wave function ; and by the fact that N 
must be an integer. The first indications of the present suggestions 
can be seen in an earlier paper (Eddington, Proc. Cafnb. Phil. Soc., 
27 , 16, 1930). 

The Surface Temperature of Sliding Metals.— F. P. Bowden 
and K. E. W. Ridler give a preliminary account {Proc. Camb. Phil. 
Soc., 31, 431-2, July 1936) of experiments on the surface tempera¬ 
ture developed between two metals in sliding contact. By the 
ingenious device of using the contact of the two metals as a 
thermocouple, they are able to show that the temperature rises as 
the speed of sliding is increased, till it attains a maximum tempera¬ 
ture which is equal to that required to melt the more fusible of 
the two metals. 

MBTEOROLOGT. By E. V. Newmhah, B.So., Meteorological Office, 
London. 

In the Quarterly Journal of the Royal Meteorological Society for 
July 1936 there is a paper by Dr. A. E. M. Qeddes entitled 
“ Temperature Trend at Aberdeen from 1870 to 1932 ” which 
constitutes an important addition to the literature dealing with a 
subject that has occupied a good deal of attention in recent years— 
the question whether the climates of the world, or at least of certain 
parts of the world, are changing. 

Mr. J. B. Kincer of the Weather Bureau, Washington, D.C., 
has studied the temperature trends for a large number of places 
in America and in some other parts of the world, and has discussed 
results in detail in a paper published in the Monthly WeaRuar 
Review (61, No. 9, Sept. 1938) under the heading “ Is our Climate 
Changing 1 A Study of Long-time Temperature Trends.” It has 
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been a matter of common opinion that mild winters have been rather 
frequent this century and that severe winters like some that were 
experienced last century have been correspondingly scarce, both in 
the United States and in the British Isles, and it is of considerable 
interest to see to what extent the recorded temperatures support 
this impression. 

Kinoer employed a method of analysing temperature records 
that eliminates to some extent any short-period fluctuations that 
may be present. Graphs were employed which show twenty-year 
summations of aimual mean temperature that advance a year at 
a time. Thus, the first point is the sum of the annual means for 
the first twenty years of the record, the second point is obtained 
by subtracting from this the annual mean of the first year and 
adding that of the twenty-first, and so on. The method is excellent 
for showing whether a long-period trend is present or not but it 
has the drawback that an exceptionally warm or cold year produces 
a rather marked change in the graph twenty years later when it 
drops out of the summation and there is a tendency to attribute 
such a change incorrectly to the new year that has just been added, 
the result being uncertainty as to when any long-period trend begins 
and ends. 

Kinoer, referring to the indications of these graphs, writes as 
follows; “ This study shows that temperature trends in middle 
latitudes of the northern hemisphere and also, though less pro¬ 
nouncedly, in the southern hemisphere, have been prevailingly high 
for a long time. . . . There is a somewhat irregular, but very 
definite, upward swing in the curves, shown to have been in progress 
for more than half a century ; and there is as yet no evidence of 
a recession. The records for the different seasons of the year show 
that the winters are the most erratic, with up-and-down trends of 
greater frequency and shorter duration than the other seasom. 
For the spring and fall the trends have been more uniformly 
upward, with fewer interruptions by short cold spells. The curves 
for the fall season show a remar^bly steady upward trend for 
nearly a century ; that is for nearly a hundred years our fall seasons 
have been trending progressively to warmer ... for the fall, winter 
and spring seasons the average in temperattire for the twenty 
years to and including 1983 are from 2'6° to nearly 4°F. higher 
than similar averages sixty or seventy years ago. Temperature 
records of other countries of the northern hemisphere, and also of 
the southern hemisphere, show strikingly similar conditions.” 

The longest of the records used is that for New Haven, 
Connecticut, beginning in 1780, the curve for which is plotted 
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close to that for Copenhagen which begins in 1798. It must be 
ad m itted that the graphs of twenty-year summations for these two 
statioxu show little resemblance in the case of those periods ending 
earlier than about 1860, and that while each curve lies above its 
average for totals ending after 1907, there was a rise throughout 
the New Haven curve during that period which was not maintained 
at Copenhagen beyond the twenty years ending in 1914. The 
graphs for places in the southern hemisphere—in Chile, Argentina 
and Cape Town—do not go back nearly so far in time, the first 
point shown being that covering the twenty years to 1892, and 
the last point the twenty years to 1930. One can go so far as to 
say that at all three places the average level of the curve in the 
more recent half of the curve is higher than that for the earlier half, 
but apart from this the curve for Cape Town does not greatly 
resemble the others, and the differences in the annual means for 
the two halves of the period is only of the order of half a degree 
(Fahrenheit). On the whole, however, there seems to be a strong 
case in favour of a gradual increase of temperature of the kind 
suggested and no definite suggestion that this increase is drawing 
to a close. It has been plausibly suggested that the effect is an 
artificial one, due to the fact that most of the long records that 
show it are made in large towns where the air temperature is affected 
by the heating of the houses, and that this effect has become larger 
in accordance with the increasing size of the towns. The suggestion 
is the more plausible in that it is generally recognised that the mean 
temperature within a very large town is normally two or three degrees 
higher than that of rural places round about, but it is easily tested 
by comparing the temperature trend in a large town with that of 
a neighbouring ooimtry place. Kincer has done this for a number 
of pairs of temperature records and in each case finds that both 
town and country have varied in a very similar manner. The pair 
covering the longest period is Philadelphia and West Chester, for 
which simultaneous records are available for the seventy-eight years 
1865 to 1932. Not only do the lesser ups and downs and the general 
trends resemble each other, but there seems no evidence that the 
change in degrees is any larger on an average for the towns. 
Geddes has carried out a similar analysis to those made by Kinoer 
by the method of moving twenty-year summations of temperature, 
for the record maintained at Aberdeen Observatory with the aid 
of thermometers housed in a screen 40 feet above the ground on 
the north wall of a building. 

The first point on his graph is for the twenty years ending in 
1889. He writes of this as follows : “ After a short slightly down- 
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ward trend, the graph takes a very dedded upward trend until the 
period ending in 1915 is reached. Thereafter the tendency is mudi 
less marked, though from 1919 onwards it is again distinotiiy 
upwards. This figure therefore apparently indicates a tendency for 
the climate to become rather milder, though that tendency has of 
late years become less marked.” 

He then goes on to consider the four seasons separately as did 
Kincer for some of the American records, but with very different 
results. At Aberdeen the progressive increase of temperature is 
most clearly shown in winter, while in summer it is almost non¬ 
existent. The analysis is carried still further, to individual months, 
and to arrive at greater precision the twenty-year summations were 
set aside and a table was constructed showing side by side individual 
monthly means for three equal periods of twenty-one years, viz. 
1870-90, 1891-1911, and 1912-32. His summing up of this more 
detailed analysis is as follows: ” When we sum up the evidence 
from the four seasons taken month by month we find that in the 
period considered certain changes in mean temperature have shown 
themselves. Spells of warm seasons and of warm months have 
occurred, but these spells have not occurred simultaneously in all 
seasons nor in all months of the same season even. A marked 
feature is the spell of milder winters during the latter half of the 
63-year period. There is no real evidence, however, to show that 
this change is progressive, nor any guarantee from a consideration. 
of temperature alone that a return to colder conditions wall not 
take place. The increase in the number of houses in the neighbour¬ 
hood of the station and the increase of fuel consumption in the 
city in the winter months during the last thirty years might be 
considered as having some slight effect on the mean winter tempera¬ 
ture. Any such effect would be purely local, however, and conditions 
similar to those experienced in Aberdeen have been encountered 
in the north-eastern district [of Scotland] generally. The cause of 
the milder winters must be looked for elsewhere.” 

In the course of a discussion that followed the reading of Geddes' 
paper Dr. C. E. P. Brooks, who has made a number of investiga¬ 
tions into long weather records for various parts of the British 
Isles, stated that in his opinion there is no doubt that a real change 
of climate took place about the beginning of this century praoHoally 
throughout the British Isles, the difference between the average 
winter temperature for 1901 to 1930 exceeding that for 1871 to 
1900 in most places by more than 1° F., and that the change in 
Central Europe is even greater. He attributed part of the ohanga 
to an increase in the frequency of south-westerly winds—an explana- 
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tilon which, it should be noted, is consistent with the oomparatiyely 
small change in summer, when south-westerly winds show little or 
no tendency to be associated with temperatures above the average— 
and attached little importance to the fact that the change of 
temperature appeared to occur in different years when individual 
months are considered, on the ground that irregular variations of 
short period are sufficiently large to cause displacements of the 
time of change of the magnitude of those observed at Aberdeen. 
As to there being any certainty that a return to cooler conditions 
may not take place at any time, probably all will agree that there 
is no such certainty, for the ultimate cause of the setting in of the 
milder climate is unknown and there can therefore be no basis for 
predicting when the removal of the cause may take place. 

BIOCHEMISTRY. By W. O. Kkemack. M.A.. D.Sc., F.R.S.E., Research 
Laboratory, Royal College of Physicians, Edinburgh. 

The Natcrb of Viruses. —The difference between living and dead 
matter has always been of great interest to the ordinary man, as 
well as to the scientist. Biochemistry is concerned with the r61e 
of chemical processes in living material, and so it might well be 
expected to have something to say on the general question as to 
what the phenomenon, known as life, really is, and to what extent 
it can be explained in terms of those laws of physios and c}iemiBtry 
which have been found to hold in ordinary inanimate systems. 

When considering this question, it seems natural to turn our 
attention to the systems which exhibit the phenomena character¬ 
istic of life, but which, nevertheless, are of the simplest possible 
kind. We are thus led to consider that mysterious group of agents 
which includes the viruses and bacteriophages; and any work 
which sheds light on their essential nature is worthy of very close 
attention. 

Viruses appear to be the causal agents in a wide variety of 
human, animal and plant diseases. They differ from bacteria in 
being of smaller size, and in being able to pass through the filter 
oandles which retain ordinary bacteria. They are also invisible in 
the ordinary microscope even under the highest powers. On the 
other hand, they are able, like the bacteria and other living things, 
to reproduce themselves, but, at least up to the present, it has 
not been found possible to grow them in any culture medium in 
the usual way; it would seem that they can only grow in the 
hving cell. In the same way, bacteriophage, the agent which is 
oharaoterised by its power of bringing about the lysis, or solution, 
of bacteria, is also capable of apparently unlimited multiplication. 
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but only in a oultnre of actively growing bacteria, which it is able 
to lyse. 

The properties of the plant viruses have been discussed recently 
in this journal in a very interesting article by Smith (Scibnoe 
Pboobbss, 1936, 30, 413) in which will be found an account of 
some of the recent work which has been done in this held, more 
especially on the biological side.' 

A number of recent papers have dealt with the question of the 
chemical nature of the viruses and especially the virus of tobacco 
mosaic d isease. Evidence has been accumulated to show that 
protein is an essential constituent of these agents, as, for example, 
by the study of the effect on them of various proteolytic enzymes. 
The results are somewhat conflicting, but Stanley {Phytopath., 
1934, 24, 18 and 1056) has recently shown that pepsin definitely 
acts on the virus, and inactivates it at a pH at which the digestive 
action of the pepsin is most pronounced. The effect seems to depend 
on the hydrolysis, either of the virus itself, or of something necessary 
for its activity. On the other hand, although trypsin, when added 
to the virus, appeared to inactivate it, it has been shown that this 
is not due to any hydrolytic action on the agent, but results from 
the fact that preparations of trypsin have the curious effect of 
increasing the resistance of the plant leaves when in contact with 
them. ^ few native proteins are hydrolysed by trypsin until 
after they have been acted upon by pepsin, the al^ve results are 
consistent with the view that the virus contains protein as an 
important constituent. This conclusion is supported by the work 
of Chester {Phytopath., 1934, 24, 1180), who has shown that the 
virus, when injected into rabbits, produces antibodies which 
specifically neutralise its action on plants. It is generally agreed 
that substances, which produce antibodies, usually contain protein 
as an essential constituent, and so this piece of evidence, though 
not conclusive, is of considerable weight. 

Stanley {Science, 1936, 81 , 644) claims to have separated, from 
the infected juice of tobacco plants suffering from mosaic disease, 
a crystalline protein, apparently homogeneous in character, poasess- 
mg, in very high degree, the characteristic action of the virus, 
namely the power to infect other plants specifically with the disease. 
It is not necessary here to describe in detail the methods employed 
by Stanley for the isolation and crystallisation of the protrin. It 
is sufficient to state that it consists essentially of precipitation at 
or about the isoelectrio point. The product consists of small 
needles about 0-03 mm. in length, and it appears to be homogeneous, 
though it is naturally very difficult to prove this definitely. The 
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protein is one hundred times more active than the suspension made 
by grinding up diseased Turkish tobacco leaves, and one thousand 
times more active than the twice frozen juice from diseased plants. 
One oc. of a 1/1,000,000 dilution of the crystals is usually infective, 
and the disease produced cannot be distinguished from that which 
occurs naturally. Further, the immimological properties of the 
protein are very interesting. The sera of animals, injected with 
tobacco mosaic virus, give a precipitate when mixed with a solution 
of the crystals diluted to one part in 100,000, whereas the sera of 
animals injected with the juice from healthy tobacco plants give 
no precipitate when mixed with a solution of the crystals. Con¬ 
versely, solutions of the crystals, injected into animals, cause the 
production of a precipitin, which is active with solutions of the 
(xystals and with the juice of plants infected with tobacco mosaic 
virus, but which is inactive with the juice of normal plants. It 
is not stated, however, whether such an anti-serum definitely inhibits 
the infectious action of the virus on the plants. Nevertheless, the 
high activity of the crystals, which remains apparently constant 
throughout many recrystallisations, the apparent homogeniety, 
together with their immunological properties, give a very strong, 
though not conclusive, support to the view that this protein is 
actually the virus. The alternative hypothesis is that the protein 
adsorbs very tenaciously a minute quantity of an extremely 
active agent. This possibility is very difficult to disprove, and 
further work will be required before a definite conclusion can be 
reached. 

Though the idea that an active virus might be isolated as a 
crystalline protein is, at first sight, very surprising, yet the possi¬ 
bility is one which is quite consistent with the known physical 
properties of viruses. Thus native proteins are known with mole¬ 
cular weights ranging from about 34,000 up to several millions and 
the diameters range from about 5fifi to about SO/ifi. These 
diameters are of about the same order of magnitude as those 
ascertained by Elford for the smaller viruses and bacteriophages. 
Measurements of osmotic pressure, or of diffusion, show that the 
oiystaliine protein isolated by Stanley has a molecular weight of 
the order of several millions, so that in size, this protein molecule 
is certainly larger than the smallest known virus. It is therefore 
clearly quite possible for a crystalline protein to have sufficiently 
large molecules to accommodate the necessary molecular com¬ 
plexity of a virus. In fact it might be expected that an agent, 
obviously so homogeneous and specific as a virus, and of a mole- 
onlar size of the order of which it is known to have, would crystallise 
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if oonditions were favourable. That the protein isolated by 
Stanley is really this active agent does not, of course, necessarily 
follow. 

Cbystallike Enzymes. —Along with viruses which have many of 
the properties characteristic of life, it is natural to consider enzymes ; 
for these are intimately associated with vital processes, and form 
indispensable constituents of living cells. It is therefore interesting 
to note that during recent years a number of claims have been made 
to have isolated enzymes in a crystalline form. In 1926, Sumner 
(J. Biol. Chem., 1926, 69, 435) announced that he had succeeded 
in crystallising urease, and though this claim has met with con¬ 
siderable criticism, especially from continental workers, there would 
seem to be a substantial volume of evidence in support of the truth 
of Sumner’s contention. There is good reason to believe that the 
crystalline protein, isolated by Northrop and his collaborators from 
bovine gastric juice as well as from a commercial pepsin prepara¬ 
tion, is actually the enzyme pepsin itself in a pure form {Ergebnise. 
d. Enzymeforach., 1932, 1, 302 and J. Oen. Physiol., 1933, 16, 616) 
(however, cf. Waldschmidt-Leitz and Kofranyi, Naturwiaa., 1938, 
10, 206), whilst, more recently, Kunitz and Northrop (J. Oen. 
Physiol., 1933, 16, 267) have published a nxunber of papers dealing 
with the crystallisation of trypsin and associated enzymes. Thus 
trypsin is said to crystallise in rectangular prisms and fine needles. 
Chymotrypsinogen {Science, 1933, 78, 658), which forms elongated 
needles, is itself inactive, but, when acted upon by trypsin, it yields 
chymotrypsin, which crystallises in the form of plates. This latter 
enzyme has a relatively weak proteolytic effect but is highly active 
in curdling milk. Trypsinogen {Science, 1934, 80, 605), the pre¬ 
cursor of tiypsin, has also been described as forming short triangular 
prisms. 

Crystalline pepsin and trypsin both show a very interesting 
phenomenon. Being proteins, they may be denatured by heat or 
other means, but under suitable conditions the denaturation process 
may be reversed, and the native protein regenerated. As might 
be expected, denaturation of these proteins results in loss of their 
enzyme activity. It is much more remarkable that reversal of 
the denaturation process should result in the proteins regaining 
their original proteolytic powers. Northrop believes that he has 
established this reversal of enzyme activity, and the result, if true, 
is of especial interest, for it has a bearing, both on the protein 
nature of the enzymes, and on the reversibility of the process of 
denaturation. 

Another very interesting, and somewhat related phenonienon, 
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haa been described by Herriot and Northrop (J. Oen. Phffaial., 
1934, 18 , 3S) in a paper dealing with the acetylation of crystalline 
pepsin by means of ketene. This reagent acts under very mild 
conditions, and various' numbers of acetyl groups may be introduced 
into the pepsin molecule. 'When the product contains 3-4 acetyl 
groups per mol (the molecular weight is approximately 35,000), it 
still retains the original enzymatic activity practically intact. As 
more and more acetyl groups are introduced, the activity gradually 
falls, until when the product contains 20-30 groups per mol, it 
retains only 10 per cent, of the original activity, though, like the 
other less highly acetylated product, it is still crystallisable. It is 
shown that the first 3-4 acetyl groups attack the primary amino 
groups, and that afterwards, other positions in the protein molecule 
become acetylated. Thus the acetylation of the free amino groups 
is accomplished without reduction in enzyme activity. When the 
partially acetylated protein, containing 6-11 acetyl groups per mol, 
which is 60 per cent, active, is allowed to stand in strong acid 
solution, partial de-acetylation takes place accompanied by increased 
proteolytic activity. The recovered protein is probably identical 
with the 3-4 acetyl derivative mentioned above, and its enzyme 
activity is equal to that of the original protein. These results 
may be compared with those obtained by Freudenberg and Dirscherl 
{Zeit. Phpeiol. Chem., 1928, 176 , 1), who found that acetylation 
of crystalline insulin, also a protein of molecular weight about 
36,000, results in loss of physiological activity, but that de- 
aoetylation partially restored its former action. 

All the crystalline enzymes so far mentioned, it should be 
noted, are hydrolytic in their action. This is also true of the 
crystalline pancreatic amylase which Caldwell, Booher and Sherman 
{Science, 1931, 74 , 57) claim to have isolated as elongated isotropic 
needles. However, Theorell (Biochem. Zeit., 1934, 272 , 155) has 
described the isolation, in a crystalline form of the Warburg yellow 
oxidation enzyme which, as its name implies, is concerned with 
tissue oxidations, whilst oxyhsemoglobin, though not usually 
regarded as an enzyme, has a well-marked peroxidase activity and it 
is, of course, well known that this protein can be readily crystallised. 

Many chemists have been inclined to be sceptical about the 
interpretation of work such as has been descrilM above. The 
alternative hypothesis that these alleged enz 3 rme 8 are really inert 
proteins with small quantities of highly active substance adsorbed 
on them is very difficult to disprove. However, the cumulative 
evidence, which is now available as the result of quite a large 
amount of work, does seem to make it probable that certain 
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enzymes at least can be obtained in a or 3 rstalline form, and this 
in turn makes it easier to accept, at least provisionally, the claim 
by Stanley that he has isolated a crystalline virus. 

GEOLOGY. By Q. W. Tybbeiix, A.R.C.Sc., D.Sc., The University, 
Glasgow. 

Steatigkaphioal and Rbgional Gbolooy—^Extra-British.— 
The structure of the Sarre and Lorraine coalfield, as expounded 
by P. Pruvost in a new memoir {Mudes dea gites min^aux de la 
France, 1934, 174 pp.) is that of a synclinorium composed of a 
series of folds, synclines and anticlines aligned along the main 
axis of the basin, and produced by movement from north to south. 

Dr. Maria M. Ogilvie Gordon’s exhaustive memoir “ Geologie 
von Cortina d’Ampezzo imd Cadore ” {Jahrb. d. GeoZ. Bundeaanst. 
Wien, 84, Heft 1-4, 1934, pp. 69-216) does not lend itself easily 
to summarisation. The formations dealt with are the Crystalline 
Basement rooks, Permian, Trias, Jurassic and Cretaceous. The 
complicated tectonics of the region are very fully described. 

S. Hjelmqvist’s memoir, “ Zur Geologie des Siidschwedischen 
Grundgebirge. Dio kristallinischen Gesteine des BomeleAsee ” 
(Medd. Lunds Oeol.-Min. Inst., Nr. 68, 1934, 183 pp.), deals with 
the southernmost Archsean inlier in southern Scania. This inlier, 
20 miles long by 3 miles wide, strikes in a N.W. to S.E. direction. 
It consists of orthogneisses enclosing fragments of older leptite- 
gneisses which are both cut by amphibolite dikes. Next come two 
successively-intruded granite masses, and the whole complex has 
finally been riddled by a great number of later dikes, mainly of 
diabase. 

The memoir by the late J. J. Sederholm, “ On Migmatites and 
Associated Pre-Cambrian Bocks of South-Western Finland. Part 
III. The Aland Islands ” {Bull. Comm. Oed. Finlande, Nr. 107, 
1934, 68 pp.), is of melancholy interest as it is the last work from 
Sederholm’s able and prolific pen. As its subject is mainly petro¬ 
logical it will be dealt with more fully under the heading of “ Meta¬ 
morphism ” in a later instalment of these notes. 

In his memoir “ Tausend Geschiebe aus Lettland,” P. Eskola 
{Ann. Acad. Scient. Fenn., Ser. A, XXXIX, 1933, 1-41) describes 
the results of his examination of glacial boulders from Latvia. 
He finds that the proportioiis of petrological and formational types 
are approximately the same as those between the areas covered by 
these rock-types in Finland, although gneisses and migmatites ate 
relatively more abundant than schists. Professor Eskola points 
out how important boulder investigations may be for the deter- 
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mination of the constitution of the floors of the Baltic Sea and 
the Oulf of Bothnia. 

A valuable paper by S. V. Semiohatov {Oeol. Mag., LXXII, 
1935, 433-41) summarises recent work on The Middle Carboni¬ 
ferous of Russia.” The author attempts to solve the question 
whether the Mosoovian stage is or is not equivalent to the whole 
of the Middle Carboniferous of the Russian platform, and comes 
to the conclusion that the major stratigraphical unit known as the 
Middle Carboniferous does not coincide in time with the Mosoovian 
stage as classically developed in the Moscow region. 

Lauge Koch has briefly summarised the “ Geologie von Gr6n- 
land ” in the new series of regional memoirs entitled Oeologie der 
Erde (Berlin, 1935, 159 pp.). The value of this work, however, has 
been gravely questioned on the grounds of alleged incompleteness, 
inaccuracy and inexact working methods in a long review eiltitled 
Remarl^ upon Lauge Koch’s Geologie von Grdnland, 1935 ” 
{Medd. Dansk Oeol. For., 8, 1936, 497-511) over the signatures of 
0. B. Boggild, R. Begvad, K. Callisen, H. Frebold, H. Gry, K. 
Jessen, V. Madsen, A. Noe-Nygaard, C. Poulsen, A. Rosenkrantz, 
and C. Teichert, all of whom have had experience of Greenland 
geology. 

Dr. C. Teichert’a geographical memoir “ Nordostgronland ” 
{Zetiachr.f. Erdkunde z. Berlin, 1935,169-215) contains an admirable 
sommary of the geology of that region. 

In response to Dr. L. Koch’s query “ Do you believe in a Cale¬ 
donian orogeny in East Greenland ? ”, Dr. C. E. Wegmann has 
written an illuminating memoir entitled, ” Preliminary Report on 
the Caledonian orogeny in Christian X’s Land, North-East Green¬ 
land ” (Medd. om OrerUand, 103, No. 8, 1936, 69 pp.). His con- 
dusions may be given in his own words : “ The sediments of the 
[Caledonian] chain indicate that they were collected in a subsiding 
trough ; they comprise a thickness of about 9000 m. During the 
Caledonian orogeny large masses were transformed by igneous 
activity. A kinetic analysis shows an upper structure of wide 
folds in the non-metamorphio sediments, and a deeper-lying struc¬ 
ture of migmatitic flowing-folds. On top of this, above a deep 
gap, we get the Devonian molasse. Flysoh formation could not be 
ascertained. But this missing Mysoh being an element of great 
importance, the Caledonian mountain-chain cannot be looked upon - 
as a complete mountain-complex, but only as an enormous frag- 
nlent. It is of great vertical extent and has consequently to be 
looked upon as a deep-going interruption of the old continental 
block.” 


XX 
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In his memoir “ Some New Investigations of the Devonian 
Stratigraphy and Tectonics of East Greenland,” H. Biitler (M«dd. 
om OtvrUand, 103, No. 2, 1936, 35 pp.) shows that the Old Bed 
Sandstone of East Greenland is an erogenic sediment. East-west 
movements within the Caledonian belt of folding repeatedly elevated, 
folded and disrupted the Devonian sandstones during their 
deposition. 

A detailed investigation of the “ Geology of the West End of 
Ymer Island, East Greenland ” has been carried out by A. B. 
Cleaves and E. F. Pox {Bull. Geol. Soc. Amer., 46, 1936, 463-88). 
A valuable discussion of the origin of the fjords of north-east Green¬ 
land is included. 

A. Noe-Nygaard describes the stratigraphy of an area around 
Fleming Inlet, East Greenland (Medd. om. Oronland, 103, No. 1, 
1934, 88 pp.). A crystalline basement series is followed by forma¬ 
tions of Devonian, Carboniferous, Permian, Trias, Rhsetic and 
Jurassic ages. Igneous activity and tectonic disturbances took 
place in the Late Palaeozoic and in the Tertiary. 

Extremely valuable results have accrued from the thorough 
study by 0. KuUing of the Hecla Hoek formation in its most tjrpioal 
development around Hinlopen Strait, Spitsbergen {Oeogr. Ann., 
Stockholm, 4, 1934, 161-254). The C. Hansteen formation at the 
base of the series, consisting of porphyries, agglomerate and tuff, 
is shown to be of Pre-Cambrian age. It is followed by slates and 
sandstones with overlying dolomites—^the Murchison Bay forma¬ 
tion—with traces of fossils. Then comes a thin series consisting 
of beautiful tillites and varved sediments (Sveanor formation), 
believed to be of Eo-Cambrian age. Finally the C. Sparre forma¬ 
tion of quartzite, shale and dolomite, contains recognisable fossils 
of Cambrian, probably Lower Cambrian, age. 

K. Keilhack’s paper, “ Beitr&ge zur Gieologie der nordwestlichen 
Halbinsel von Island ” (Zeits. d. Deutach. Oeol. Oea., 85, 1933, 
621-30), deals mainly with the thickness and age of the Tertiary 
basalt lavas. The average thickness of the flows works out at 
about 46 feet. The discovery of bauxite and laterite suggests a 
parallelism of the succession in North-West Iceland with that in 
Antrim. The two main ice caps of the region appear to have 
greatly diminished in area during the last century. 

R. Pfalz’s “ Die Hauptziige im geologischen Bau Italienisch- 
Libyens ” {Oeol. Rundach., XXV, 1934, 111-34) is a summary and 
discussion of recent work. 

Dr. K. S. Sandford has detailed his “ Geological Observations 
on the North-West Frontiers of the Anglo-Egyptian Sudan and 



OBOLOOY 


676 

the Adjoining Port of the Southern Libyan Desert,” made on 
Major Bagnold’s reoent expedition (Quart. Joum. Oeol. 8oc., XCl, 
1985, 823-81). He describes an Archaean and Pre-Cambrian 
complex, thick sandstones of Palaeozoic age, followed by Nubian 
San^tones after a marked unconformity. Dr. Sandford thinks 
that the term “ Nubian Sandstone ” should be applied only to the 
last-mentioned series of sandstones. Two volcanic fields and some 
isolated outcrops of post-Nubian hypabyssal rocks were also 
encountered. 

In a paper on The Structure of the Esh-Mellaha Range 
(Eastern Desert of Egypt, 27° 30'-28° N.),” G. Andrew (BuU. Inat, 
Egypt, XVI, 1934, 47-69) shows that this range is a Pre-Miocene 
feature which was partially or wholly submerged in the Miocene 
sea. Professor Andrew also describes a series of rocks, mainly 
igneous, from the South-Eastern Desert of Egypt and West-Central 
Sinai (»6td., XVII, 1935, 206-21). 

W. Pulfrey describes the geology of an area in the Kavirondo 
district of Kenya (Oeoi. Mag., LXXIII, 1936, 26-38). A large 
roof-pendant of Muva-Ankolean sediments rests on the great 
Nyanza granite batholith, the metamorphic effects of which are 
described. The sediments have also been invaded by two earlier 
granitic bosses. 

E. Polinard’s memoir, ” Le Socle ancien inf^rieur A la SArie 
Bchistocaloaire du Bas-Congo ” (Mem. Inat. Roy. Col. Beige, Sect. 
Sci. Nat. et Med. tom. II, fasc. 4, 1934, 100 pp.), is a study of the 
rooks exposed along the railway from Matadi to Leopoldville. They 
consist of a series of granitoid gneisses, paragneisses and schists, of 
which the degree of metamorphism decreases from west to east. 
The petrology, stratigraphy, tectonics and metamorphism of these 
ancient basement rooks are dealt with in some detail. 

The ” Carte gAologique de I’Angola. Notice explicative,” by 
F. Monta and H. O’Donnell (Portugueae Miniatry of CoUmiea. 
Colony of Angola, Lisbon, 1933, 87 pp., 12 pis. and coloured map), 
represents a welcome addition to the number of excellent geological 
maps of Central Alnoa which have lately appeared. The map, on 
a scale of 1 :2,000,000, shows 22 formations the stratigraphioal 
relations of which are discussed in the accompanying text. Another 
memoir on the geolcgy of Angola is that by P. F. W. Beetz, 
“Geology of South-west Angola between Cunene and Lunda 
Axis ” (Trana. Oeol. Soc. 8. Afr., XXXVI, 1934, 137-76). 

The following are two papers on the stratigraphioal geology of 
South African areas : L. T. Nel, “ The Witwatersrand Series outside 
the Band ” (Trana. Oeol. Soc. 8. Afr., XXXVI, Proc. 1984, xxiii* 
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xlviii); L. J. Krige, “ The Geology of Durban ” (Und., XXXV. 
1938, 37-68). 

The following are three papers on broad structural problems 
in the geology of Asia, the two last being more or lees oompilatory : 
H. G. Backlund, “ Zur tektonisohen Gliederung Asiens ” [Oeogr. 
Ann., Stockholm, 1936, 242-64)’; S. Obruchev, “ Der Bau von 
Nordoet-Asien nach neueren Forschungen ” {Qeol. Bundach., XXV, 
1934, 388-422); K. Gundlach, “ Das Pamir-System (auf Grund 
neuerer Literatur) ” {ibid., 330-66). 

Dr. W. D. West of the Geological Survey of India has published 
an exceedingly valuable series of articles under the general title, 
“ Some Recent Advances in Indian Geology ” (Current Science, III, 
1934-36). Part I (pp. 137-44) deals with “ The Archaean Rocks 
of Peninsular India ” ; Part II (pp. 185-8) with “ Deccan Trap 
Volcanic Activity ” ; Part III (pp. 286-9) with “ The Geolc^ 
of the Himalaya ” ; Part IV (by V. P. Sondhi, pp. 339-46) 
with “ The Geology of Burma ” ; and Parts V and VI (pp. 412- 
16) -with “ The Geology of the Salt Range,” the series conclud¬ 
ing with an Epilogue. This series will prove of great value to 
geologists both within and beyond the boundaries of the Indian 
Empire. 

Dr. D. N. Wadia has published a memoir on “ The Gambrian- 
Trias Sequence of North-western Kashmir (Parts of Muzaffarabad 
and Baramula Districts) ” (Bee. Oeol. Surv. India, LXVIll, Pt. 2, 
1934, 121-76). This Palaeozoic synclinoriiun, with its outliers of 
Trias, lies in the centre of the Kashmir nappe between two oro¬ 
graphic lines. 

Dr. L. R. Wager has contributed a chapter entitled “ A Review 
of the Geology and Some New Observations ” to the book. Eve/rest 
1933 (pp. 312-36). He deals -with the scenery and its development, 
and the mechanism of formation of the Himalayas. He regards 
the latter as due in the first place to the formation of a high plateau 
by horizontal compression folding, and second, upward arching of 
the southern border of the plateau to give the localised belt of 
high peaks. 

In his Presidential Address to the Geological Section of the 
22nd Indian Science Congress, Calcutta, 1986 (29 pp,). Dr. M. S. 
Krishnan dealt with ” The Dharwars of Chota Nagpur—Their 
Bearing on Some Problems of Correlation and Sedimentatiem.'' 
The Dharwar System is one of the basement series of Pre-Cambrian 
rocks in India. A correlation between different regions is attempted* 
and Dr. Krishnan includes a valuable discussion of some of the 
unusual types of sediment found in the Dharwar, namely, the 
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marbles, oarbonaoeous phyUites, manganiferous rooks and banded 
luamatite-quartzites. 

According to C. S. Fichimnthu the conglomerates and grits 
belonging to the Dhanrar Schist series at Kaldurga, Kadur District, 
Mysore {Proc. Indian Acad. 8ci., II, No. 3, 1936, 264-79), are not 
of autoclastio origin as formerly believed, but are of true sedi¬ 
mentary derivation, although, in common with the neighbouring 
schists, they have undergone intense crushing and shearing at a 
later period. Similarly the quartzites of the Bababudan area, as 
shown by the occurrence of cross-bedding and well-rounded pebbles, 
are not crushed and recrystallised acid igneous rocks as formerly 
thought (Current Science, IV, No. 3, 1936, 179-81). 

Professor B. Sahni, on the basis of a considerable body of direct 
palssobotanical evidence and from a newly-discovered collection of 
silicified palms and dicotyledons, reverts to the early view that the 
Deccan Traps are of Eocene age, and not late Cretaceous, as main¬ 
tained by several investigators (Current Science, III, 1934, 134-6). 

An excellent account of “ The Geology of Ceylon ” has been 
prepared by J. S. Coates, formerly Government Mineralogist to the 
islcmd (Ceylon Joum. Set., B. 19, 1936, 101-87). This memoir is 
well summarised in Nature, October 6, 1936, p. 666. 

Belated attention may be drawn to a remarkable compilation 
by many authors on the Stratigraphy and Palaeontology of the 
Dutch East and West Indies in honour of the eightieth birthday of 
Professor K. Martin (“ Feestbundel uitgegeven ter eere van Prof. 
Dr. K. Martin, 1861-24 Nov.-1931,” Leidsche Oeol. Med., V, 
1931, 739 pp.). These extremely valuable summaries are mostly 
written in English. 

The separate publication entitled “ Gravity, Geology and 
Morphology of the East Indian Archipelago,” by P. H. Kuenen, 
J. H. F. Umbgrove and F. A. Vening Meinesz (Publ, Netherlanda 
Oeod. Comm. Oravity Exp. at Sea, 1923-1932, Vol. II, The Inter¬ 
pretation of the Besults. 1934 (?), pp. 107-94), forms part of 
Meinesz’s second volume of the results of his famous gravity meausure- 
ments at sea. It contains the chapters concerning the Dutch East 
Indies, beginning with the last part of Chapter IV which gives a 
general discussion of gravity results in the Archipelago by Meinesz 
who, in Chapter V, also attempts an interpretation of the data. 
Umbgrove follows with a study of the geology of the Archipelago 
since the beginning of the Tertiary in connection with the gravity 
results, and a summary of the genetic theories which have been 
put forward. The final chapter, by Kuenen, discusses the mor¬ 
phology of the Archipelago in relation to the gravity data. This 
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fine volume is illustrated by a large number of figures (maps) and by 
magnifioent coloured charts. 

In an illuminating memoir on the tectonics of the East Indies, 
P. H. Kuenen (The SneUius Expedition in the Eastern Part of the 
Netherlands East Indies, 192&-30. Vol. V, Gleological Results. 
Part I, Geol. Interpretation of the Bath}nnetrioal Results. 1935, 
124 pp.) states that the echo soundings have shown the existence 
of very steep and vertical scarps on the sea floor which evidently 
represent fault-scarps. Comparison of the East Indies with the 
Alps yields important results. Alpine structure shows what the 
East Indian sub-structure must be like, and the East Indies 
illustrate a former stage of Alpine orogenesis. Coarse detritus, 
however, is not yet being delivered into the East Indian troughs. 

Dr. R. W. van Bemmelen applies his undation theory (see 
SciBKCB Peooebss, Jan. 1936, p. 491) to various regions of the 
East Indies in the following papers : “ Die Neogene Struktur des 
Malayischen Archipels nach der Undationstheorie ” {Proc. Kon, 
Akad. V. Wetenach., Amsterdam, XXXVI, 1933, 888-97); “ De 
tektonische Structuur van Zuid-Sumatra ” {Nat. Tijdsch. v. Neder- 
lands.-Indie, XCIV, 1934, 7-14); “ t)ber die Deutung der Sohwer- 
kraftanomalien in Nederl&ndisch-Indien ” (Oeol. Rundach,, XXVI, 
1935, 199-226); “ Ein Beispiel fiir Sekundftrtektonogenese auf 
Java ” {Oeol. Rundach., XXV, 1934, 175-94). In the last paper 
van Bemmelen describes a great volcanic complex near Bandoeng ’ 
which was domed up until the critical slope of its material was 
exceeded. The dome then spread under its own weight, pi^essing 
up at least one broad fold on its northern border. Tensional faults 
simultaneously intersected the central dome. 

On the basis of the occurrence of pre-Tertiary plutonio rooks and 
more or less metamorphosed volcanics and sediments, H. S. Ladd 
(“ Geology of VitUevu, Fiji,” Bern. P. Biahop Mua. BuU. 119, 
Honolulu, 1934, 263 pp.) erects the hypothesis of a former ’ 
Melanesian continent which included Australia, New IZealand, the 
East Indies and the Philippines. This hypothesis receives criticism 
fipom R. T. C. {Joum. Oeol., XLIII, 1935, 781-3). 

A useful outline of the Geology of Victoria has been compiled 
by Professor E. W. Skeats and other authors (Handbook for Vic¬ 
toria, Australian and New Zealand Assoc, for Adv. of Sci., Melbourne, 
1935, pp. 78-136). 

The memoir by the late H. T. Ferrar, “ The Geology of the 
Dargaville-Rodney Subdivision ” {Bull. Oeol. 8urv. N.Z., No. 84 
(N.S.), 1934, 86 pp.), describes a portion of the extreme northern 
peninsula of North Island, N.Z. The sedimentary rooks are Trias, 
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Cretaoeous and Tertiary, and there is also an extensive igneous 
series ranging from Eocene to Recent times. 

Two braohipods, one of which has been identified as Spiriftr 
ap. ind., have been found in high-grade metamorphio rocks (oalo- 
silicate-homfels and gametiferous mica schist) on Mt. Clough, New 
Hampshire, by M. P. Billings and A. B. Cleaves {Amer. Joum. Set., 
XXX, 1935, 630-6). Along with other lines of evidence this find 
confirms the view that the metamorphio rocks of western New 
Hampshire are Devonian and not Pre-Cambrian. 

The paper, “ Basin-Range Faulting of 1916 in Pleasant Valley, 
Nevada,” by B. M. Page (Joum. Qeol, XLIII, 1936, 690-707), 
records faiilt scarps of at least three ages, the most recent of which 
were formed as late as 1916 as the consequence of an earthquake. 
Two fault blocks rose relatively to the adjacent valley, producing 
low scarps at the foot of the moimtains. 

Dr. M. A. Peacock’s study of the “ Fiord-Land of British 
Columbia ” (BuU. Oeol. Soc. Amer., 46, 1936, 633-96) leads to the 
conclusion that the apparently opposed tectonic and glacial erosion 
theories of the origin of fiords can be reconciled. Earth movements, 
stream and glacial erosion have all played important parts in the 
evolution of the fiord system of British Columbia. Longitudinal 
faulting has contributed to the formation of the Island Fringe, and 
regional subsidence has been partly responsible for submergence of 
the fiord basins and the Interment Valley Belt. Powerful glacial 
excavation has greatly modified the details of the topographic 
forms. 

New observations on the Gondwana Series of southern Brazil 
are recorded in a memoir by V. Oppenheim (Min. Agric. Dept. 
Nac. Prod. Min., Bol. No. 6, Rio de Janeiro, 1934). A summary 
of this paper is given in Nature, June 29, 1936, p. 1080. 

Professor C. E. Tilley’s “ Report on Rocks from the South 
Orkney Islands ” (Discovery Beporta, X, 1936, 383-90) throws some 
light on the geological constitution of this remote and inaccessible 
Sub-Antarctic group. It now appears that there is an older 
metamorphio series, and a younger sedimentary series consisting of 
gieywackes and shales followed by conglomerates. The greywaokes 
are mainly derived from the denudation of sodio igneous rooks. 
This sedimentary series may be tentatively correlated with the 
Pleurograptua shales discovered by Pirie on the Scotia expedition. 

In a paper on the " Structure of the Queen Maud Mountains, 
Antarctica,” L. M. Gould (BuU. Oeol. Soc. Amer., 46, 1936, 973-84) 
shows that this area consists of an extensive fault-block mountain 
range in which the horsts are bounded by nearly vertical fault- 



SCIENCE PBOOBBSS 


680 

planes. The mountains consist of a basement of Pre-Cambrian 
gneisses and schists surmounted by the thick horizontal Beacon 
Sandstone formation which is extensively injected by diabase sills. 

PEDOLOGY. By PaorKSSOB N. M. Combbb, D.Sc., A.R.C.S., F.I.C., 
The University, Leeds. 

Soil students have suffered a great loss by the death of Dr. C. P. 
Marbut, who for many years had been in charge of the soil survey 
of the United States. Dr. Marbut was one of the first to recognise 
the importance of the genetic study of soil as developed by the 
Russian School, and himself became A leader in its further develop¬ 
ment. Not only did he revolutionise the U.S. soil survey but his 
services to soil studies in other centres were by themselves a great 
achievement. Dr. Marbut died in China, where he had gone to 
conduct soil studies for the Chinese Government. 

Alike for his notable work and for his personal charm of character 
he was held in high international esteem by soil students. 

Soil Minekaloqy.— It has been remarked in recent years in 
this section of “ Recent Advances ’* that the mineralogical study 
of the clay fraction of soils has been a subject of outstanding 
interest and importance to soil students. A concise account of the 
present position is available to readers in an article by Marshall in 
Science Pbooress, No. 119, January 1936. It is sufficient here 
to say that it is now reasonably well established that colloidal clay 
consists largely of a limited number of secondary crystalline minerals, 
derived by weathering from the primary minerals. 

Soil CLASsmcATiON. —Apart from the studies of colloidal clay 
it is difficult to point to any particular branch of soU study which 
has been the subject of general experimentid research during the 
last year. At the International Congress of Soil Science at Oxford 
in July 1936 there were many valuable technical papers, but other 
papers and contributions to the discussions made it evident that 
there is in many parts of the world a recognition of the need to 
reconsider the basis of soil classification which is in fact the baeis 
of Pedology. For a long time attempts to secure the recognition 
of soil science as a “ subject ” with a name of its own failed, and 
quite rightly so. There was no justification for such recognition so 
long as soil science consisted merely of chemical studies, physical 
studies, etc. As is now well known the outlook on this matter 
was profoundly altered by the recognition of a natural genetic 
olassifioation of soils which came from the study of the soil proffle, 
and the structure of its various horizons, considered mainly as a 
product of the climate. 
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The purstiit of soil investigstions on so broad a basis as this 
has not unexpectedly led to some confusion. As typical of the 
difficulties that have arisen may be taken the definition of a 
“ solonetz ” which has been discussed by Shaw and Kelley (Trans. 
Inter. Cong. Soil Sci., 1, 330,1936). In the original Russian scheme 
the chief characteristics of a solonetz were (i) the exchangeable 
ions were mainly sodium; (ii) there was an excess of sodium 
carbonate ; (iii) because of the excess of sodium carbonate, humus 
tended to be carried down from the surface and, on drying out, to 
give a columnar structure to a “ B ” horizon in which it was 
deposited. A solenschak differed from a solenetz in containing 
only neutral sodium salts and in consequence a quite different 
structure. Now Shaw and Kelley point out that so eminent an 
authority as Glinka classified certain of their Californian soils as 
solenschak on the basis of examination of their structure while 
Gedroiz on the basis of chemical analysis labelled them Solonetz. 
They point out moreover that some soils with a well-developed 
solonetz-structure have very little replaceable sodium. This is 
typical of a general difficulty that is arising everywhere, namely 
that certain features, the coexistence of which have been regarded 
as essential and which are considered to be related as cause and 
effect, do not in fact always coexist. 

Some interesting comments and suggestions which bear on these 
difficulties have been made by E. M. Crowther (Trans. Inter. Cong. 
Soil Sci., 1, 339, 1935), who points out in the first place that the 
names of the genetic groups of soils have been given a spurious 
academic status in so far as they are descriptive words in the 
Russian peasant language—meaning “ much salt,” “ black soU,” 
etc.—and were applied for the most part long ago. It may happen 
that a name refers to one particular characteristic and tends to 
put that characteristic out of perspective. Crowther emphasises 
the fact that in considering a genetic classification of soils it must 
be recognised that there have been influences at work in every 
period of the history of the soil and also that some horizons in a 
profile may be of different age from others. It is also pointed out 
that empirical systems of soil mapping in a restricted area may 
tend to exaggerate differences that have little genetic significance 
and to obscure those x>roperties which are of genetic significance 
and by which alone the soils can be validly compared with those 
of other regions. Following these observations Crowther suggests 
that genetic interpretations might usefully be expressed on a 
logarithmic basis of time in a manner similar to that by which 
acidity is expressed on the pH scale. A pT scale is suggested. 
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ludng the negative logarithm to the base 10, of the time in years. 
In this country recent cultivations might occur up to jpT = 1, 
draining systems, etc., up to 3, forest clearances between 3 and 4 
and so forth. Whether such a scale will be a practical possibility 
some may doubt, but its contemplation in the present difficulties 
will have great value in helping to-preserve perspective. 

A number of papers have been put forward mging far more 
rigid and universally agreed definitions of soil types. On the other 
hand, it may be argued, as the foregoing considerations show, 
that an extensive arbitrary terminology may hinder rather than 
help the further study of the genetie processes. 

Climate and Soil Conditions. —The relation of rainfall to 
certain soil conditions has been studied by Jenny and Leonard 
{8oU Sci., 38, 363, 1934) in the following way. Samples were 
collected along the 11°C. isotherm over a rainfall range of 14-38 
inches. The layer of carbonate was found to fall fairly regularly 
by about 2-6 inches for every inch of rain. The pH figure fell from 
nearly 8 at 14 inches of rainfall to 5 2 in the region of highest rain¬ 
fall, exchangeable hydrogen appeared at a rainfall of about 25 
inches. Nitrogen increased continuously with increasing rainfall 
and the colloidal clay also increased by about 1 per cent, for each 
inch of rainfall. It must be carefully noted, however, that appre¬ 
ciable variations occurred in each of these conditions at any given 
rainfall. 

An “ inductive study of soil type and climate has been 
carried out by E. M. Crowther (ioc. cit,) with the object of testing the 
alleged equilibrium between well-recognised soil types in Russia 
and climate. The mean rainfalls of about 300 points read off at 
equal distances over 20® of latitude and 30® of longitude were 
plotted against the mean temperatures. The points were grouped 
according to 12 types of soil. If the soil and climate are in equili¬ 
brium there should be a characteristic temperature rainfall band 
for each type. It was found that over the podsol area the rainfall 
increased by 1*6 cm. for each degree Centigrade increase in tempera¬ 
ture. Over the chernozen area there was an increase of 1*2 cm. 
for each degree Centi^ade. The distribution of chestnut soil was 
found to depend mainly on rainfall since within narrow rainfall 
limits they covered a fairly wide temperature range. Other soils 
were irregularly distributed. 

Soil Colloids and Soil Classification. —^The study of soil 
colloids and the study of soil classification have each occupied 
much attention lately and it is interesting to see that the bearing 
of one upon the other is now being considered. Bradfield {Tram, 
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Inter. Cong. Soil Set., 8, 134, 1935) deals with this after outlining 
the recent work on clay. The correlation of soil characters with 
climate (i.e. temperature and rainfall) must always be crude in 
the sense that it admits of the recognition of broad zones of soils 
but is useless for detailed survey work in a restricted area. 
According to Bradfield we have now gone as far as we can in our 
use of climatic information and the soil morphologist will now need 
the services of the physical and colloid chemist in obtaining a 
more detailed morphological classification. In other words, climate 
is a highly complex combination of factors and the limits have 
probably been reached within which it may usefully be considered 
in a broad way as one factor. 

The soil geneticist has been dealing with the broad view of the 
world soils as influenced by climate and geology. At the other 
extreme the physical chemist has been studying the colloidal 
products and is now working backwards, so to speak, to consider 
the processes that led to those products. In this way the laboratory 
studies of clay and humus are tending to put into the genetic 
scheme the details without which some of the present difficulties 
cannot be overcome. 

BOTANY. By Pbofbssob E. J. Salisbuby, D.Sc., F.R.S., University 

College, London. 

The geographical distribution of the flora of an area of about 
680 sq. km. in north-west Sweden has been described in detail by 
Segerstad {Arkiv f. Botanik, 27, 406, 1936). The account is accom¬ 
panied by distribution maps of about 200 species. Such an intensive 
study of an area less than half the size of most English counties 
reveals striking restrictions. The flora includes continental, atlantic, 
northern and southern types several of which attain their geo¬ 
graphical limits within the area studied. 

Some interesting ecological features are presented by the study 
of A. McTaggart of sixteen plots of different artificial pasture 
mixtures in which one-third of each plot was pastured by sheep 
and the other two-thirds out respectively at six- and eight-week 
intervals. In all types the ground covered by the species with 
shallow root systems fluctuated in a manner corresponding closely 
with the variations in rainfall. Lolium perenne and Dactylie 
gUmerata showed a marked capacity to withstand competition. 
Poterium aanguimrba owing to its palatability soon diminished under 
grazing and, despite a comparatively deep root system which 
probably accounts for its marked drought resistance, showed 
madeed variation in development with rainfall. Medkago eatwa 
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was very drought resistant owing to the deep rooting and showed 
little variation of cover with rainfall. Both Trifolium repena and 
T. subterraneum were severely affected by drought, and pasturing 
and frequent mowing alike led to almost complete elimination 
(Jour. Council. Sci. Induat. Rea., 8, 177-86, 1936). 

In a paper by R. M. Bamelte and H. Mowry in Soil Science 
(41, 71, 1936) the results of experiments with Azalea are described 
which indicate a pH range for healthy growth of from 6-0 to pH 7*0. 
In more alkaline soils growth is slow and the leaves chlorotic whereas 
in soils more acid than pH 6'0 the growth was also slow and the 
habit dwarfed. 

An interesting Algal collection from Lake Maootama in the 
Santa Marta Mountains, Colombia, has been described by W. B. 
Taylor. The interest of the records is due to the great altitude of 
the lake, namely 14,400 feet above sea level. The species recorded 
comprise 31 Myxophycese, 2 Heterokontse and about a hundred 
Chlorophyceas. The Desmidacese is the preponderating group as 
regards the number of species, viz. 77. Two new species of 
Zygogonium are described, two of Coamarium, one each of Stauraa- 
trum and Euaairum. Amongst the myxophycese Claatidium aeti- 
gerum IQrchn was abundant as an epiphyte on Tolypothrix in one 
sample, and this appears to be the first recorded occurrence for the 
American continent (Amer. Jour. Bot., 22, 763-78, 1936). 

G. W. Musgrove (Soil Science, 40, 391, 1936) describes an 
instillation with undisturbed soil columns for mesusuring evaporation, 
run off and percolation. The results for four conditions of treat¬ 
ment in triplicate are furnished. The precipitation was just over 
26 inches and of this about 14 inches or approximately 66 per cent, 
was lost by evaporation from the fallow surfaces with and without 
organic manure. The addition of the latter only reduced evapora¬ 
tion by about 2 per cent. The addition of organic manure was 
accompanied by an increased percolation both in cropped and 
unoropped soils. Water lost by run off amounted to about a 
quarter of the precipitation on fallow soil and about a fifth when 
under maize but from manured soil bearing maize the loss in this 
way was only about one-tenth. From unmanured soil bearing 
maize the percolation was about 3 per cent, as compared with about 
16 per cent, from fallow soil. 

The study of viability and germination of the seeds of prairie 
plants and of the early phases of their development, by A. K. 
Blake (Ecological Monographa, 5, 406-60, 1036) represents the 
type of investigation that is greatly needed if Ecology is to emerge 
from the dominance of purely descriptive studies. The viability 
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was tested by means of sucoessive plantings of seeds at intenrals of 
one to two months. Of six grasses the maximum percentage 
germination of all sowings rafiged from 8 per cent. {Andropogon 
acoparivd) (Sorghastrum nutans) to 87 per cent, for Elgmus amadensis 
and 71 per cent, for Sporobolus asper. Although all six species 
yielded some germinations when seeds were sown in June there 
was a marked tendency towards maxima in spring and autumn, 
especially the former. Three herbs were studied of which (Enothera 
biennis yielded up to 66 per cent., Kuhnia glutinosa up to 67 per 
cent, and Liatris punctata up to 83 per cent. In each the maximum 
germinations occurred in the early part of the year. Considerable 
differences were observed in the germination of seeds harvested in 
sucoessive years as for example those of Kcderia cristata which 
yielded 26 per cent. (1928), 49-6 per cent. (1929), 29 per cent. 
(1930) and 63 per cent. (1931). A slight benefit resulted from 
freezing the seeds which was more marked for the dicotyledonous 
plants than for the grasses ; 7 out of 14 species of grass gave higher 
percentage germinations after storage in moist soil and twenty of 
the twenty-six dicotyledonous herbs, but the germination of Liatris 
punctata, L. scariosa and Hieracium longipilum was diminished by 
stratification. One-third to one-half saturation was found most 
favourable for germination. Seedling mortality is high, mainly 
attributed to drought. Many are killed at a very early stage and 
of the survivors some 57 per cent, subsequently perish. Rapid 
growth is essential to survival but growth is usually slow owing 
to shade and competition. 

The changes in osmotic pressme of the sap of various psammo- 
phytes and halophytes has been studied by C. Killin {Ann. de 
Physiologie, XI, 70-124, 1936). Euphorbia peplis was foimd to 
have an osmotic pressure in the aerial organs of about 11 atmospheres 
throughout the life history, although slightly lower during the 
wetter months. The osmotic pressure of the root, however, which, 
in the early part of the life cycle, is below that of the aerial organs, 
rose to about 20 atms. towards its termination. Various hemi- 
cryptophytic dune plants jdelded values between 10 and 16 atms. 
during the wet season rising to from 16 to 30 atms. towards the 
end of the dry period. OJaucium flavum and Daucus gummifer 
showed pressures respectively of 10 to 20 atms. and 12 to 21 atms. 
according to the season. The annuals yielded from 6 to 10 atms. 
in the wet season to from 6 to 20 atms. in the dry. Diurnal fluctu¬ 
ations observed attained to just over 2 atms. in the roots in Orktga 
maritima and nearly 7 atms. in Asteriscus maritimus. Seasonal 
fluctuations in the halophytic Plantagos ranged from ca. 7 to 20 
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atms. and in Frankenia IcBvis from ca. 18 to 83 atms. The author 
regards high osmotic pressures as having nothing to do with the 
drought resistance of species. 

BvUetin No. 90 of the Council of Set. and Indust. Res. is an 
important contribution to tim^r identification which furnishes 
descriptions of, and a key to, the chief Australian commercial 
timbers other than those of the genus Eucalyptus. The Bulletin 
which is by H. E. Dodswell and A. M. Eckersley is illustrated by 
66 photomicrographic reproductions. 

Cytology. —D. C. Cooper reports the mode of development of 
the embryo-sac in Lilium Henryi and eight other species of the 
genus as exhibiting the same abnormal mode of development as 
that recorded by Bambacione (1932) for L. bulbiferum and L. 
candidum. At the four-nucleate stage three of the nuclei pass to 
the chalazal end. The single micropylar nucleus divides to form 
two haploid nuclei, viz. the egg nucleus and a polar nucleus. The 
three chedazal nuclei fuse during a further division so that there 
are produced two triploid nuclei of which one provides the second 
polar nucleus. The second male gamete fuses with the two polar 
nuclei of which one is haploid and the other triploid yielding an 
endosperm which is pentaploid {Bot. Oaz., 97, 346, 1936). 

Prom a study of polyploid individuals and polyploid chimaeras 
of Biscutdla Icevigala and Iberis sempetflorens, I. Manton (Proc. 
Roy. Soc., 118 , 622-47, 1936) finds that the number and position ‘ 
of the prochroraosomes in meristematic cells corresponds with those 
of the chromosomes. In BiscuUMa Icevigaia material with 18 
chromosomes (2n), 27, 36, 46 and 64 chromosomes was available. 
For all but the last two of these the number of prochromosomes 
in the resting nuclei showed an exact correspondence with that of 
the chromosomes in the dividing cells. In the pentaploid and 
hexaploid cells the agreement was very close considering the 
difficulties for interpretation. A study of AUium ursinum leads to 
the conclusion that the telophose enlargement of the chromosomes 
results in a doubling of their diameter and the “ reticulate ” resting 
nucleus is considered to be a relatively solid structure devoid of 
free nuclear sap until prophase. 

Clarke and Anderson (Amer. Jour. Bot., 22, 711-16, 1938) 
describe chromosomal interchange without ring formation as 
occurring in Zea mats. In the same journal (pp. 741-61) Lewis 
deals with the form of the tracheids in the Pine which depart from 
the 14-hedral form owing to a curvature originating in the cambium 
as a consequence of which 18 or 22-hedral conditions result. 

FlobaIj Moepholooy. —A general comparative account of the 
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morphology of the male and female inflotesenoeB in the Betulaoen 
ie furnished by E. C. Abbe, which includes a number of illustrationfl 
of the detailed structure and anatomy of the partial infloresences 
of a great variety of representatives. These show a much wider 
range of variation than is generally known to occur. From this 
comparative study the author concludes that the partial female 
infloresenoe was primarily three-flowered (though two-flowered in 
all genera but Betula by suppression of one flower) and that these 
bioarpellate flowers owe their diverse orientation to derivation from 
a tricarpellate condition with suppression of one carpel. The 
three-flowered male partial infloresenoe consists of flowers which 
were primarily trimeroiis in construction, a condition that occurs 
in Carpinua japonicua where each flower has six stamens, in Oatrya 
virginiana, and frequently in Alnua rhombifolia and A. nepalenaia. 
The male flowers of Betula show a wide range of structure. 
Trimery occurs commonly in the sub-section Costatse. In the sub¬ 
section Alba dimery is the rule whereas in Betula pumUa each of 
the three flowers of the partial infloresenoe consists of a single 
perianth member and a single stamen. In B. alrtoidea v. pyrifolia 
each flower has four perianth segments and two stamens but in 
B. tnaximotaieziana the lateral flowers may be strictly tetramerous 
with four perianth segments and four stamens whereas the central 
flower is trimerous with three perianth segments and three stamens 
{Bot. Oaz., 97, 1-67, 1936). 

PLANT PHYSIOLOGY. By PaoFKSsoR Walter Stiles, Sc.D., F.R.S., 

The University, Birmingham. 

Watkb Rblatioks of the Plant. —While it is generally assumed 
that water is absorbed by the roots of higher plants through the 
root hairs some writers have doubted whether this view exactly 
expresses the true state of affairs. The question has recently been 
reopened by K. Hdhn (“ Die Bedeutung der Wurzehaare fiir die 
Wasseraufnahme der Pflanzen,” Zeitachr. /. Bot., 27, 629-64, 1984) 
and by H. Sierp and A. Brewig (“ Quantitative Untersuohungen 
fiber die Wasserabsorptionszone der Wurzeln,” Jahrb. /. wiaa. Bot., 
82, 99-122, 1935). 

Hbhn measured the rate of uptake of water by different lengths 
of root of Vicia faba, Zea tnaia and Tradeacantia fluminenaia with 
a very sensitive potometer by means of which an uptake of less 
than O’l cubic mm, of water could be measured. It was not found 
possible to exclude any part of the root from taking up water by 
the simple device of surrounding it mth a medium impermeable 
to water. There appears to be always a capillary movement of 
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water between the root and the subatanoe oovering it. Hdhn 
therefore examined the uptake of water by whole roote of different 
ages, where the different regions such as root-hair bearing zone, 
stretching zone and older zone constitute different proportions of 
the whole. The conditions of experiment were said to be such 
that the absorbing surface was the limiting factor so that the rate 
of absorption of water was not affected by the transpiration rate. 
From his experiments Hohn concluded that water uptake by the 
root-cap zone is comparatively small, that the stretching zone of 
the root, devoid of root hairs, is not the region of maximum water 
uptake, and that the rate of absorption by the older part of the 
root above the stretching zone is generally greater than that of the 
younger zone. Comparative experiments with roote, with and 
without root hairs, showed that the presence of root hairs does not 
affect the quantitative relationships of water absorption in the 
different regions of the root, and Hdhn supposes that in water 
culture the root hairs have no significance for water uptake. He 
points out, however, that it does not follow that the root hairs 
are without significance for water uptake in dry soil or for the 
uptake of dissolved substances. 

The experiments of Sierp and Brewig were carried out mainly 
with Ftcta faba, but a few experiments were also made using 
Bicinus communis and Zea mats. They attempted to determine 
the relative rates of water uptake by different zones of the root by 
the use of a complex potometer consisting of a main tube with a 
number of side tubes and taps between the insertions of the various 
side tubes. The main tube contained the root under observation 
while each of the side tubes acted as a micropotometer. The rate 
of water absorption by each zone of the root was determined by 
the movement of the water in the various micropotometers. By 
experiments with this apparatus Sierp and Brewig concluded that, 
in unbranched roots of Ftcta faba about 10 to 17 cm. long, the 
apical zone of about 6 mm. absorbed no water for transpiration, 
but on the contrary often gave off water, while the next zone to 
it, without root hairs, only absorbed an insignifi cant quantity of 
water. The zone of greatest water absorption when water uptake 
by the whole plant is low was found to be that between 15 and 
80 mm. from the apex and corresponds with that of the living root 
hairs. With increasing transpiration the position of greatest 
absorption shifted towards the older part of the root and with a 
high transpiration rate more water was taken in by the older part 
of the root, that more than 10 cm. firom the apex, th an by the 
younger parts. 
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The relation between transpiration and the conditions of tension 
in the water-conducting tracts of the xylem have formed the subject 
of investigations by F. M. Haines. This worker some years ago 
A Method of Investigating and Evaluating Drought Resistivity 
and the Effect of Drought Conditions upon Water Economy,” Ann. 
Sot., 42, 677-705, 1928) defined the term jrressure deficit as the 
difference between the pressures in the tracts and in the atmosphere, 
and it is the relation between this pressure deficit and transpiration 
with which Haines deals in two recent papers. In the first of 
these (” Transpiration and Pressure Deficit—I. Apparatus and 
Preliminary Experiments,” Ann. Bot., 49, 213-38, 1935) he points 
out that direct experiments on this question can be made in two 
ways, firstly, by freely exposing the transpiring surfaces of a out 
leafy branch to the atmosphere and allowing the branch to take 
up water from a closed vessel in which the pressure is either natmally 
or artificially reduced, and secondly, by allowing the plant to take 
up water from an open vessel at atmospheric pressure but enclosing 
the transpiring parts of the plants in a vessel in which the pressure 
is increased above that of the atmosphere. By the first method 
the effect on transpiration of pressure deficits of less than one 
atmosphere only can be measured, but by the second method the 
effect of pressure deficits up to 30 atmospheres can be used with 
an appropriate choice of the plant species used. Such deficits 
actually occur in nature because of the existence of cohesion tensions 
in the liquid in the tracts; where these exist the actual pressure 
deficit is the atmospheric pressure + the cohesion tension. 

Haines used both those methods as well as a variant of the 
first method in which the plant was allowed to take up water 
from a vessel which could be closed and opened at will, but in the 
paper cited above only results obtained with the second method 
are recorded. Branches of various plants, such as Acer and 
Maculua, were used in a potometer, and the rate of absorption of 
water by the branch determined when the upper part of the latter 
was enclosed in a strong metal cylinder containing air at pressures 
up to 100 atmospheres. The cylinder possessed a glass window 
for illumination. It was found that the rate of water absorption 
always decreased with increase in pressure, and vice versa. If a 
pressure above an atmosphere is maintained the rate of water 
absorption is at first reduced below that observed at atmospheric 
pressure, the rate later rises and approaches in value the original 
rate at atmospheric pressure. If the pressure is reduced there is a 
temporary disproportionate increase in the rate of water absorption, 
but the latter soon lessens. It is thus understandable that the 
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aotuaJ rate of water absorption at any pressure at any time depends 
not only on the value of the pressure at that time, but on the 
immediate previous history of the branch as regards the pressure 
deficit. The observed effects are attributed partly to alterations 
in the volume of the cells of the leaf and partly to changes in 
transpiration rate. 

A later paper {“ Transpiration and Pressure Deficit—II,” Ann. 
Bot., 49, 521-65, 1935) records the results of further experiments 
by the same worker. Thus it is shown that when the pressure 
deficit was increased by successive increments at 2-minute intervals 
from 0 to 60, 80 or 100 atmospheres or more, the rate of water 
absorption by branches of Acer decreased with each increment of 
pressure deficit, the final rate with the maximum pressure deficit 
being only a fraction (one-eighth to one-third) of the initial rate 
when the pressure deficit was zero. 

The rate of absorption was also measured by observing the 
distance penetrated by eosin in one minute after the cut end of 
the branch had been dipped in a 1 per cent, solution of this djre. 
This method also indicated that with increasing pressure in the 
cylinder the rate of absorption falls with increase in pressure, while 
reduction in pressure brings about an enormous increase in the 
rate of water absorption. With pressiues maintained above that 
of an atmosphere the rate of absorption, as observed with poto- 
metric measurements, increases towards the rate observable with ' 
atmospheric pressure. This is attributed to the compression of the 
leaf cells resulting from the increased pressure reacMng its equili¬ 
brium position with the consequent cessation of the tendency 
towards a downward flow of water resulting from the compression 
of the cells. The final equilibrium rate of water absorption is thus 
to be regarded as a measure of transpiration rate under the particular 
pressure employed. When the transpiration rates foimd in this 
way are plotted against the pressure deficits, it is found that while 
increase of pressure deficit reduces transpiration rate, the reduction 
is relatively most marked at lower deficits. 

Another recent paper by Haines deals with the presence of air 
in the water conducting tracts of woody plants (“ Observations on 
the Occurrence of Air in Conducting Tracts,” Ann. Bot., 49, 367-79, 
1936), a matter on which different views have been expressed. 
He showed that in a number of such plants, after careful removal 
of the bark, trachese containing air can be seen as lighter-coloured 
streaks. The bark must be removed so as to expose the surfaoe 
of the wood uninjured. It appears that air is sometimes present 
and sometimes absent from the tracheae, the presence or id)8enoo 
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depending largely on external conditions. Thus in early spring no 
air was detected, but a few weeks later air was always found to be 
present in the hotter parts of the day dtiring a spell of fine weather, 
but to be absent during wet weather. 

The effect of wind on transpiration rate has been examined by 
Maria Wrenger (“ Dber den Einfluss des Windes auf die Transpira¬ 
tion des Pfianzen,” Zeitachr.f. Bot., 29, 257-320,1036), whole plants 
of 38 different species of various morphological types being used 
for her experiments. In experiments of short duration, lasting 
only one hour, a wind of approximately 1'85 metres per second 
always brought about a considerable increase in transpiration rate, 
although the rate of transpiration during the first 10 to 15 minutes 
was always higher than during subsequent periods. The observed 
increase in transpiration rate varied from 12 to 160 per cent, of 
the rate in still air, but depended on the species, the effect of wind 
in increasing the rate being generally greater in mesophytes than 
in xerophytes. This effect of wind was greater in plants with open 
stomata than in those with the stomata almost or quite shut. In 
plants where transpiration is high in still air it was observed that 
although a wind increases initially the transpiration rate, the 
subsequent rate in the wind falls off below that obtaining in still 
air, and even when transferred to still air the transpiration rate 
remains depressed for a time. 

With HtUanthua annum, Solanum meUmgera and Tropceolum 
majua it was shown that the rate of transpiration varies with the 
wind velocity in such a way that for each species there is an optimal 
wind velocity for which the rate of transpiration over a short period 
is a maximum. 

Even with exposure to a wind for periods of from a day to a 
fortnight a definite increase in transpiration rate as a result of 
exposure to the wind was observed, the magnitude of the increase 
depending both on the species of plant and on the other external 
conditions. 

ZOOLOGY. By Emxbitus Pkofessor W. Gabstano, M.A., D.8o.; 

E. B. Ford, M.A., B.So., and J. A. Moy-Thohas, B.A., The Univer¬ 
sity. Oxford. 

Loris Oalubn (Trav. 8kU. Zool, Wimereux, XII, 1, 1936, 1-181) 
has redescribed the life-history of the Trematode Polyskmvm 
integemmum, and defined with much more precision the conditions 
which govern the production of the neotenic form discovered by 
Zeller in 1872. In the frog’s bladder the parasite becomes ripe at 
the same time as its host (in Prance round about March 6-16), 
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and the highly organised, ciliated (“ Gyrodaotyloid *’), larvae readily 
find tadpoles. When they alight upon tadpoles more than 13 days 
old, they enter the spiracular cavity, remain there as in a mere 
waiting-room—^without feeding or growing—until the tadpole’s 
metamorphosis, and then pass by the gut into the newly formed 
bladder of the young frog, where they begin to feed and grow 
slowly (2 mm. in 2 years) into normal PolysUmum, reproducing for 
the tot time when 3^ years old at a size of 8-10 mm. If, on the 
other hand, they secure a young tadpole less than 8 days old, they 
begin at once to feed on its internal gills, sucking blood plasma 
through the unperforated skin. Here they grow rapidly into the 
neotenic form. The gut remains a simple broad sac, and the 
prospective large subterminal hooks of the normal form are absorbed 
after first undergoing a phase of enlargement. The parasites become 
sexually mature at a size of lJ-2 mm. but without oopulatory 
organs or uterus, and lay self-fertilised eggs in 3-6 weeks. These 
produce normal G 3 rrodactyloid larvte, which settle upon old tadpoles 
(young ones being no longer available), and grow up into the normal 
bladder-form. The neotenic parent, on metamorphosis of the 
todpole, does not seek the bladder, but drops off—often through the 
hole made by the front leg—and dies. Finally tadpoles of 8-13 
days provide a threshold which leads to a variable medley of 
results. 

Gallien’s account makes clear that there is no genetic differencd 
between the two forms, and that the chief factor in determining 
the production of psedomorphs is the early diet of tadpole blood, 
in which the tadpole’s hormones may play a special part. Similarly 
he is inclined to attribute the co-adiaptation of the sexual cycles in 
the normal form and its host to a common influence of the frog’s 
hormones, transmitted to PolysUmum with its food. We have 
summarised only the normal course of these remarkable life-cycles, 
so reminiscent of the Axolotl, but—d moms de oroire d un fin^isme 
puMl —the misfits, irregularities, and blind alle 3 ns recorded by the 
author are no less interesting than the marvellous synchronisms of 
adaptation to which he draws attention. 

More use should be made of this worm in our teaching courses. 
In France some 26-30 per cent, of the frogs (temporana, not 
escuUnta) seem to be infected, and, with a supply of eggs from an 
infected frog (N.B. at least 3 years old), it is easy to raise either 
form at will by introducing the right tadpole into a vessel with 
the larv®. Young larvae (•< 20 hours) go straight for the tadpoles. 
After 24 hours of free life they become torpid, lose their cilia, and 
die. 
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Another interesting metamorphoBis, recently revelled, concerns 
the peculiar stalk-eyed deep-sea fish called Stylophthalmwi by 
Brauer, with a soft, fiexible, transparent body no stouter than a 
darning needle, minute pectoral fins but no pelvica, and a pair of 
small eyeballs at the end of a long slender stalks. Dr. W. Beebe 
{New York Zoologica, XVI, 4, 1934) has traced all the stages between 
larvte of this type from Bermuda and the rapacious normal-eyed 
Idiacanthus fasciola of the same region—the “ Tiger-fish ” of his 
more popular articles. Moreover, he shows this species to exhibit 
a marked sexual dimorphism, the males remaining small and 
larvoid, though normal-eyed. 

A. G. Lowndes {Proc. Zool. Soc., 1, 1935, 35-48, 5 pi.) has 
detected for the first time and filmed active rotatory movements 
of the sperms of freshwater Ostraooda, which are correlated with 
the spiral bands described by previous observers. These movements 
only take place in the spermatheca of the female. Both sperms 
and spermathecal ducts are of extraordinary relative length, the 
former being 10 times the length of the adult body. Previous 
orientations of the sperm must now be reversed, since it is the 
slender part which is anterior in movement (as well as being tactile, 
apparently, in function), while the stouter end—still very slender— 
corresponds to the flagellum. A nucleus could not be identified. 
Lowndes believes that in most fresh-water Ostraooda the sperms 
are now useless, sexual reproduction having been replaced by 
parthenogenesis. 

In Professor A. C. Hardy and £. B. Gunther’s “ Plankton of 
the South Georgia Whaling Grounds, 1926-7 ” (“ Discovery ” 
Reports, XI, 1935, 1-456) wUl be found not merely a substantial 
contribution to the Discovery's primary task in the Antarctic, but 
an intensive study of pelagic ecology raising the widest issues. 
The quantitative distribution, horizontal and vertical, of the 
various elements of the phyto- and zoo-plankton is fully set out 
in tables, charts, and sectional diagrams (the latter perhaps too big 
for the best synoptic effect), and is considered both in relation to 
the physical environment and to that of the Whales which feed 
upon it. Both the great rorquals—^the Blue and Fin Whales—^had 
been shovm by Mackintosh and Wheels to feed almost exclusively 
on Euphausia superba, which is also the favourite food of Crab¬ 
eating Seals, Emperor and Gentoo Penguins, Nototheniid fish, and 
other Vertebrates. Hardy and Gunther now show that this 
dominant Crustacean, apart from certain minor features, is at one 
with the zooplankton generally in its relations to the common 
diatomaoeous food-supply. The distributional facts reveal the same 
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inverse ooiielation between phyto- and zoo-plankton in the Antarotio 
as in our home waters. Where diatoms were dense, zoo-plankton 
and Whales (which followed the Euphausians) were scarce, the 
main concentrations being in regions of moderate phytoplankton. 
Much of this report is devoted to a sustained attempt by Professor 
Hardy to get to the bottom of tins intriguing paradox. In a region 
of unlimited phosphates, does phytoplankton become dense from a 
local shortage of grazing animals, or does it by multiplication create 
conditions repulsive to them ? In brief, do pelagic animals control 
the diatoms, or diatoms the animals ? A clear-cut answer is not 
provided, but Professor Hardy leaves no doubt os to his belief in 
“ the h 3 rpothesis of animal exclusion,” and discusses a host of 
variable phenomena concerning the vertical migrations of animals 
which may be connected with it. Briefly stated, his idea is that 
while pelagic animals, with few exceptions, must visit the upper 
zone for food, the extent of their sojourn there may be adjusted 
to the density of the phytoplankton by changes in the range and 
time of their vertical migrations—the denser the diatoms, the 
shorter their visits and the deeper their subsequent descent. 

Whether the external products of intense photosynthesis (in¬ 
creased alkalinity, etc.) are repulsive or not to most animals cleariy 
calls for settlement by experimental methods, and a prelinainary 
experiment from Professor Hardy’s laboratory may be cited as a 
type. Pairs of long tubes were set up, and their lower halves 
blackened. One of each pair contained sea-water alone (A), the 
other a culture of Nitzschia, of variable strength (B). Equal 
numbers of Mysids were put into the tubes of each pair, and the 
numbers counted in the upper halves of the tubes from time to 
time. The numbers observed in the A tubes almost invariably 
exceeded those in the B tubes, the average of half a dozen counts 
for three separate pairs of tubes being (A : B) as follows, 13 : 4, 
26 ; 16, 36 : 28. These results establish a difference of behaviour, 
but need additional information to explain it. Were the Mysids 
in the B tubes feeding below, like Antarctomyeis maanma of the 
report ? K so the results merely illustrate the activity of hunger 
in A, and the relative quiescence of satiety in B. However, with 
the relations of such experiments to the great Whale and Herring 
fisheries explained to boys beforehand, there would seem here to 
be an attractive field for ecological experiments in many a school 
laboratory, with specific Cladocera and Oopepoda as subjects (c/. 
Clarke, G. L., Jour. Exp. Biol., VII, 2; IX, 2). 

Dr. Hans Griineberg (Proc. Roy. 8oc., B., 118, 1986, 821). 
working in Professor D. M. S. Watson’s laboratory, has described 



aSOOLOOY 


896 

•nd iUustrated the remadEable effects of a new gene (“ grey-lethal,” 
gl) in the common house-mouse. It arose in a laboratory stodc of 
” extreme dilutes.” ” Extreme dilution ” is an allelomorph of 
albinism and dilutes the coat to a dirty white or very faint grey. 
The mutant was a pure grey, owing to complete absence of yellow, 
in this respect approaching Chinchilla, but darker. The new 
factor is a simple recessive (genetics described), but it causes dis¬ 
turbances in an unusually wide variety of organs, reducing growth, 
affecting the calcification of bones and teeth, and thereby inducing 
secondary changes in the length of the snout (which is very short 
and blunt), reduction of masticatory muscles, and in the form of 
various associated bones of skull and jaws. Altogether some 150 
affected individuals were raised, and all showed the same succession 
of symptoms. All died in their third week a few days after weaning, 
since the abnormalities of their bones and teeth prevented adult 
modes of feeding. Readers of Darwin will recall that the associa¬ 
tion of defective teeth with hairlessness in dogs was one of the 
great naturalist’s favourite examples of “ correlated variation.” 
Association of the same feature with a change of coat colour 
towards albinism is sufficiently near to encourage the hope that the 
myrstery of both may soon be cleared up. Dr. Griineberg promises 
fiuther studies of these grey mice, especially of their endocrine 
glands. 

Paueontology. —^White {PhU. Trans. Roy. Soc., B., 225) has 
given a masterly account of the Ostracoderm Pteraspia, and dis- 
ctissed the general question of the affinities of the Agnathous Verte¬ 
brates. Perhaps the most interesting part of the account of the 
anatomy is the description of the body and particularly the caudal 
fin; the latter has never been described before, and the former 
only from isolated scales or smsdl fragments. 

The tail is hypocercal or reversed heteroceroal, the lower lobe 
being the longer and produced posteriorly into a narrow process. 
The body is covered with scales which do not overlap and there are 
no paired or median fins. The dorsal and ventral surfaces of the 
body each bear a row of ridge scales. 

Dealing with the affinities of the Pteraspids and other Ostraoo- 
derms. White finds no evidence to support the view of Stensid 
that the Pteraspids are closdy related to the Myxinoids, whilst the 
Cephalaspids and Anaspida are more closely related to the Petro* 
myzontids ; this theory required an independent origin for the two 
groups of modem Cydostomes. White holds the view that the 
” Hetorostrad, Anaspida, Osteostrad and Cydodomaia are related to 
one another inasmuch as they are classes of the group Agnatha, 
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btit none ancestral to one another, the classes branching ofiF the 
main stem at successive periods in the order named.” 

Brough (Mtm. and Proc. Manchester lAi. and PhU. Soc., 79, 
1936) has described a new Hybodont shark, Lisaodus, from the Karoo 
and discussed the affinities of the Hybodonts in general. He 
believes that they form a distinct group and that Cestracion should 
be excluded from it. Brough holds that Ctemacanthns costeOataa 
from the Lower Carboniferous is a true Hybodont and should not 
be classed with the Cladoselachii. This latter view is perhaps too 
sweeping, as further evidence has recently shown that the Ctenacanth 
sharks form an interesting connecting link between the Hybodonts 
and the Cladoselachii. 

Qross (PalcBontographica, 83, 1936) has reviewed the microscopic 
structure of the scales of nearly all the groups of Agnatha and true 
fishes. In general his work supports and amplifies the classic 
researches of Goodrich and amongst other information two facts 
of particular interest have emerged : the scales of the Coelacanths 
are found to be modified Crossopterygian or Cosmoid scales, and 
in the hind part of the scales of Lepidotus minor true cosmine 
appears to be present, whilst anteriorly they are Lepidosteoid. 
Therefore these scales represent an intermediate condition between 
the true “ Palieoniscoid ” and “ Lepidosteoid ” types of scales. 

Genetics. —The results obtained by R. A. Fisher (PhU, Trans. 
Roy. Soc. Land., B., 225, 196-226), in his study of Dominance in 
Poultry, are of exceptional importance. In formulating his well- 
known theory of dominance-modification, Fisher had observed that 
while the characters of domesticated races are generally recessive 
to those of wild individuals, a number of them are recorded as 
dominant in poultry. This he interpreted as due to human selec¬ 
tion which, in the early stages of domestication, could only preserve 
and accentuate such peculiarities as were detectable in the hetero- 
zygote. For, at this stage, the flocks would be liable to constant 
crossing with wild birds. 

If the general theory, of which this is a special application, were 
soimd, it should be possible to recover the original effect of the 
mutant genes by placing them in the wild-type gene-complex. 
This has now been carried out by back-crossing domestic birds, 
showing different dominant characters, to Indian jungle fowl for 
five generations. Excluding the gene to be tested and those with 
which it is closely linked, only one gene in thirty-two is then of 
domestic origin. As explained in this paper, the results are now 
available for three of the genes chosen: crest, polydaotyly, and 
barring. They confirm the expectation that the dominance of 
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oharaoters which they control is lost when they are introduced 
singly into a wild strain. Such dominance is therefore not a 
property of the gene itself, as’t would be wore it due to mutation 
or the selection of a different member of the same multiple allelo- 
morph series, but it must result from the interaction of the gene 
with the genetic environment in which it is placed. 

A number of other facts of importance have emerged during the 
course of this work. Among them may be specially mentioned the 
discovery that cerebral hernia and crest are due to the same gene. 
In the wild stock crest is present in the heterozygote, but more 
pronounced in the homozygote, while the disadvantageous herniated 
condition occurs in the homozygote only. Thus the former 
character may be described as a semi-dominant effect, the latter as 
a recessive effect, of the same gene. 

U. Philip (J. Oen., 31, 1936, 341-52) has demonstrated crossing- 
over between the X- and Y-chroraosomes of Drosophila melano- 
gaster. It will be recalled that the gene bb (bobbed) is the only 
one known which can occupy a locus in either the X- or the Y- 
chromosomes. Philip has found that bobbed and its normal 
allelomorph exchange places between X and Y with a frequency 
of about 1 in 3000 experiments. This occurs both by double and 
inverted crossing-over. He points out that ordinary single crossing- 
over will not maintain the original distribution of genic material 
in an organism possessed of two differential segments in the Y- 
chromoBome, as is D. melanogaster. 

T. 8. Painter {Genetics, 20, 1935, 301-26) is making important 
contributioiu to our knowledge of the morphology of the chromo¬ 
somes of Drosophila melanogaster. By using the remarkable material 
to be obtained from the salivary glands of the larvae, he has already 
constructed a genetic map of the X-chromosome upon the new 
principles of studying translocations in this material. He has now 
extended this work to the third chromosome, of which he has 
prepared a similar map, figured in this article. 

PHYSICAL ANTHROPOLOGY. By L. H. DtmiJtY Buxton, M.A., 

D.So., Elxeter College, Oxford. 

Tbx question of “ reunal purity ” and hybrid races is one which 
at present is much exercising the minds both of the layman and 
the professional anthropologist. In the past it has not been 
seriously investigated. Anthropologists have been content to pre¬ 
sume certain abstract races and to fit in modem types as best they 
could. Recently, however, both Dr. Morant, of the Biometric 
School, and Profiassor Raymond Pearl, in collaboration with John R. 
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Miner, have written important papers on the subject, following on 
the general method of approach suggested nearly forty years ago 
by Pearson in his classic memoirs on human evolution. Dr. Morant 
in the H^eitschrift filr Rasaenkunde (Band II, Heft 3, 1936) makes 
“ an attempt to estimate the relative variabilities of various popu¬ 
lations.” He uses methods which he himself admits to be crude. 
He has collected statistics to show the variations of various measured 
characters in the populations from different parts of the same 
countries. He then takes the average squared standard deviation 
of each character which is found from the weighted squared 
standard of each province (as he. calls the different parts of the 
same country). Then he takes the ratio of the result found for 
each character and calculates a mean for all the characters possible. 
We shall then have between any pairs two figures, one of which will 
in all probability be above unity and the other below unity, and 
will show the relative variability between the inhabitants of two 
countries; say South America might be 1-5 times more variable 
than Mexico, and then approximately Mexico would be 0*75 a« 
variable as South America, though of course it does not work out 
quite as exactly as that, in fact in one of Morant’s cases both the 
ratios are slightly above unity, suggesting, as the author says, that 
probably their variability is about the same. He has worked out 
his calculations for Norway, Sweden, Ireland, Macedonia, Egyptian 
Criminals, East Africa, Northern India, Central Asia, Korea and 
Japan, and so has covered much of the world. He concludes that 
the total populations of countries are more variable than their 
component provinces. This perhaps is not in itself a very important 
result but what follows is of greater theoretical importance. He 
finds that the variations of different peoples in different parts of 
the world are remarkably similar to one another and, using the 
method of computation he has adopted, none of the populations 
are 1-5 times as variable as any of the others. He then turns to 
ancient crania representing the earliest populations for which 
statistical data is available. He found that the Predynastio 
Egyptians and some Neolithic populations of Europe appeared to 
be little less variable than modem peoples. He issues a warning 
against artificially subdividing samples and so getting apparently 
old homogeneous stocks. “ The whole conception of a number of 
ancestral types existing in the same modem population appears to 
be based on the assumption that there were homogeneous ancestral 
populations which exhibited far less variability than their modem 
descendents and if the ancestral population of that type cannot 
be found then the conception must be oonsidffled invalid.*’ It It 
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obvioiudy of great interest to know whether some of the stocks 
which have been considered hybrids are really hybrids or not. 
The real difficulty would seem to be whether or not variability in 
the measurements anthropologists normally take is really a good 
test of racial purity. It may be noticed in passing that the present 
writer has attempted on as yet unpublished material to estimate 
variability among the Primates. In a series of baboon skulls from 
the same herd he found on similar characters a similar variabilit;y 
to man. Raymond Pearl and John R. Miner {Annals of Biology, 
VIll, 1936) attack the same problem, using the method of the 
coefficient of racial likeness. This coefficient briefly takes the 
weighted difference between two groups in terms of the standard 
deviations of each character. Pearson, who invented the coefficient, 
applied it only to means, but Pearl and Miner extend it to measures 
of dispersion as well; the actual method is somewhat technical 
and need not be discussed here. In the only example they give 
(white cardiacs and white non-cardiacs) they find that the differ¬ 
entiation between the two groups is of the same order of magnitude 
as between such races as Anglo-Saxons and Prehistoric Swedes, not 
only in the means, where the greatest differences occur, but also 
in the variance, except in the case of indices. They end their 
paper with a discussion of the coefficient of racial likeness from the 
technical point of view. They promise to continue the subject at 
greater length and their conclusions will be awaited with interest; 
clearly if pathological conditions can introduce differences of the 
same magnitude as racial differences our ideas of racial differences 
will have to be very carefully reconsidered. 

Human evolution in its broader sense is considered by Professor 
W. K. Gregory in a paper in the American Naturalist, LXIX, 1936. 
He discusses the roles of undeviating evolution in the origin of 
man. He defines these terms as follows. By undeviating evolution 
he means cases in which over a fairly long period of geologic time 
certain characteristics that are already observable in a moderate 
d^p^ in remote ancestors become more and more accentuated in 
their descendants, citing as an example the feet of the horse. By 
evolutionary transformation he means a case in which there has 
been a profound change both in the life medium and in the “ ana¬ 
tomical habitus,” so that wide differences may occur between 
members of either the same order or family. Under such conditions 
the descendant bears little resemblance to his remote ancestors, 
and he cites methods of locomotion as an example. Turning to 
man and his immediate relations and comparing the skulls of man 
and the ohimpanxee, Professor Gregory considers that their differ- 
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enoes are due both to undeviating evolution, for example the 
extension of the braincase in man, and also to transformation. 
This transformation is exemplified by the sharp abbreviation of 
the upper jaw in man, accompanied by a forward expansion of the 
upper part of the nasal chamber and the consequent lifting of the 
nasal bridge. In other words the braincase of man differs from the 
braincase of the chimpanzee in degree, not in kind, but whereas 
the chimpanzee has, in non-technical words, a snout, man has a 
mouth and a nose. Looking at the problem from the point of 
view of the palaeontologist. Dr. Gregory declares that “ if we did 
not have the chimpanzee we should have to invent him.” On the 
other hand the same author concludes elsewhere {BuU. School of 
Medicine Univ. of Maryland, 20, 1936) that many skeletal differ¬ 
ences between man and the chimpanzee which are ordinarily 
attributed to divergence may rather be the measure of profound 
transformation from ape to man. These studies are based for the 
most part on the skeleton, but work along similar lines is being 
done by members of the Anthropological Society of Paris. In 
their last volume (Jfem. Soc. d’Anthrop. de Paris, Tome 6, Serie 
VIII, 1035), P. Ardouin discusses the anatomy of the ear among 
certain apes, the Orang and Chimpanzee. Like Professor Gregory 
he finds profound differences between the Chimpanzee and Man, 
but suggests that the study of these minute anatomical points is 
worth developing. A similar study by Clavelin and Coulouma, in 
the same number, discusses the termination of the pneumogastric 
nerves in man and the anthropoids. In fact, we shall soon have 
as much data about the detailed anatomy of the apes as of man, 
material which cannot but be of great value in estimating the 
trend of human evolution. 

No sensational discoveries of early man seem to have been 
reported in the last few months. Parts of a Mousterian skeleton 
were found by Professor Kadic in a cave (now called Grotte 
Mussolini and it would seem formerly Subalyck) near Eger in 
Hungary. We shall have to wait for a complete publication, but 
the journal cited above (ifem. Soc. d'Anthrop. de Paris, Tome 6, 
S4rie VIII) states that a portion of a mandible, sacrum, sternum, 
knee cap, and vertebrae were also found, together with the maxilla 
of an infant. The latter is declared to be recent, but the mandible 
is said to be intermediate in form between the jaws from Heidelberg 
and Krapina. 

In the matter of racial differentiation Dr. Paul Stevenson, in 
the Peking Natural History Bulletin, 8, 273 ff., discusses body-size 
and form and the endocrine factors involved. He concludM that 



PHYSICAL ANTHBOPOLOOY 


701 


recent work, while poesibly eomewhat altering Keith’s original 
allocation of endocrine responsibility for certain physical features 
in man’s make up, has not offered any serious challenge to the 
original assumption put forward at a meeting of the British Associ¬ 
ation fifteen years ago. This assumption, it will be remembered, 
was that racial differentiation in regard to physical character, such 
as body-size and proportions, head-shape, and facial features, is 
merely the outward expression of differential fluctuations of the 
endocrine balance, while the direction and degree of such fluctuations 
is subject to strict genetic control. Dr. Stevenson suggests a good 
deal of evidence is being collected which is responsible for the 
growth of what he calls most aptly “ the metabolic viewpoint in 
anthropology.” 

The somewhat dull matter of standardisation of anthropological 
measurements continues to occupy a good deal of attention. There 
appears to be a constant trickle of papers, most of them of a highly 
technical nature, directed partly towards the exact definition of 
particular points used in measurement and partly towards standard¬ 
isation of technique. It is becoming more and more clear that 
anthropologists all over the world are trying to find a more common 
ground than they have found hitherto and to realise that so much 
of their laborious work is apt to be wasted when their results 
cannot be entirely correlated with those of other workers because 
different techniques are used. A typical example of this careful 
standardisation work is a paper by M. F. Ashley-Montagu (American 
Joum. of Physical Anthropology, 20, No. 1 and Suppl.) on the 
method of determining the location of the nasion in the living. 



NOTES 


Crude Fibre (A. G. N.) 

Crude fibre determinations are much beloved by agrioultural 
chemists, though perhaps not by the routine analyst who actually 
has to carry out the determinations under the conditions and in 
the time allowed by “ oiB&cial ” methods. The procedure is a very 
old-^tablished one, being already known and used in the fifties 
of the last century under the name of the Weende method. Since 
that time its shortcomings have been pointed out repeatedly; it 
was for a time discredited, and then crept back into general use 
and acceptance. By incorporation in the Fertiliser and Feeding 
Stuffs Acts, the method has been so dignified as to acquire a sig¬ 
nificance out of all proportion to its real value. If the limitations 
be fully realised, there is no doubt that the figures obtained are 
very useful in checking the composition of commercial feeds. But 
since the residue obtained bears no regular or definite relationship 
to the structural or fibre constituents of the material analysed, its 
use for research purposes in digestibility studies may produce mis¬ 
leading results. The crude fibre residue ordinarily represents 
60-80 per cent, of the cellulose of the material, and an extremely 
variable proportion of the lignin, usually not over 40 per cent. 
As an indication of “ roughage ” the crude fibre figure is definitely 
low, and its use in the evaluation of the less digestible parts of 
feeding stuffs is quite misleading, since the lignin which is pre¬ 
sumed largely to influence the availability of the cellulose is mostly 
removed by the alkaline treatment. Agriculturists and experts in 
animal nutrition are in the habit of thinking in terms of the present 
crude fibre figure, because of the multitude of digestibility experi¬ 
ments and systems of calculation of food value and “ starch equiva¬ 
lents ’’ which depend thereupon. However, it is a matter of opinion 
whether they are thinking correctly. Methods of analysis of plant 
materials have advanced sufficiently to make practicable and 
worth while digestibility studies carried out with a full knowledge 
of the actual composition of the material, rather than arbitrary 
and empirical fractions such as “ crude fibre.*' The gain in pr®- 
cision would more than justify the extra analyses involved* 
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Hw FrooMdiaga of tho Prohiatmrie Soctoty (R. XL M. W.). 

The new Prehistoric Society, which has just issued the first 
volume of its Proceedings, is, in origin, but the old Prehistoric 
Society of East Anglia writ large. The time had come for the 
change, for the last decade has seen a development and broadening 
of British prehistoric studies without parallel in the history of the 
science. The East Anglian Society, under the direction of Mr. 
Reid Moir and his colleagues, had already achieved a position of 
distinction which left no doubt as to the medium through which 
this development should properly find expression ; and, in pro¬ 
moting their Society to national status, these pioneers have rendered 
timely and, in a sense, self-sacrificing assistance to a study which 
must in any case continue to owe much to their local labours. In 
its new form, the Society issues its Proceedings from the University 
Museum of Archasology and Ethnology at Cambridge—an address 
which at the same time ensures a continuance of East Anglian 
connections and guarantees a wide national and international 
outlook. The new editor is Dr. Grahame Clark, whose central 
interest in the mesolithic and neolithic periods implies a catholic 
understanding alike of the earlier and of the later phases of pre¬ 
historic archseology, and is itself a safeguard against any tendency 
towards scientific sectarianism. On all grounds, the new Society 
and its publication enter upon their considerable heritage under 
the happiest auspices. 

This is not the context in which to comment in detail upon the 
contents of the volume, but it may be useful here to indicate their 
range. They begin with the presidential address of the first 
president of the remodelled Society, Professor Gordon Childe, who 
reviews current tendencies and difficulties in the classification of 
archaeological knowledge, and deals appropriately therefore with a 
fundamental problem that is liable to embarrass the beginner and 
sometimes to confuse the expert. Papers by Mr. Reid Moir, Mr. 
Henry Bury and Mr. J. E. Sainty deal with aspects or illustrations of 
the palasolithic, whilst papers by Mr. W. J. Hemp, Mr. C. W. Phillips 
and Mr. Stuart Piggott are concerned with the neolithic long barrows 
that are at last b^inning to receive adequate scientific attention. 
Other papers by Mr. and Mrs. C. P. C. Hawkes, Mr. G. A. Holli¬ 
man and Dr. Cecil Curwen deal with phases of neolithic and Bronze 
Age culture; but perhaps the most important single contribution 
is that by the Editor on the prehistory of the Isle of Man. This 
subject is here dealt with as a whole for the first time, and, both as 
a collection of unpublished material and as a study in cultural 
insularity, Dr. dark's paper is one of outstanding value. Situated 
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at just too great a distance from the mainlands of Britain aad 
Ireland to come within the normal range of primitive seam an ship, 
the island presents a sustained Bronze Age culture which even 
Scotland cannot rival. Indeed it would seem that the “ ultimate 
Bronze Age ” which, in southern Britain, came to an end about 
the 6th century b.c., lasted in the Me of Man until the 6th or 6th 
century a.d .— a remarkable possibility which admittedly requires 
further proof but, in the consistent absence of Early Iron Age and 
Boman material, is difficult to gainsay. 

Finally, not the least useful feature of the volume is an illus¬ 
trated section summarising the results of the year’s fieldwork on 
prehistoric sites in Great Britain and Ireland. As the complement 
of the atmual summaries of Bomano-British fieldwork published in 
the Journal of Roman Studies and of publications relating to pre¬ 
historic Britain in the Archceological Journal, this section is of 
outstanding value, and is, incidentally, an eloquent testimony to 
the quantity and the quality of the fieldwork in question. 

Mapping in the U.S.A. (C. B. F.) 

The Science Advisory Board of the U.S.A. has a status and 
function comparable to that of the three bodies which do similar 
work in this country, viz. the Advisory Council to the Department 
of Scientific and Industrial Besearch, the Medical Besearch Council, 
and the Agricultural Besearch Council. Its second annual re^rt,^' 
now before us, records as the chief achievement of its first year a 
plan for establishing a scientific advisory service to the government 
on a permanent basis; and the first steps towards realising that 
plan have been taken. This link between scientific workers and the 
Government has already proved its value; and it is likely to 
become of increasing importance. 

The General Beport gives a statement on the relations of 
Science to Government, and the principles on which the Board has 
acted, together with a summary of the results of the recommenda¬ 
tions made in the first report. Two of these which have not yet 
been carried out, though approved in principle, recommended an 
acceleration in the work of mapping the country and a consolida' 
tion of certain mapping Services. 

Perhaps most people assume that the surface of the earth, at 
least in all civilised countries, is now adequately surveyed and 
mapped. It is true that most of the coasts of the world, outside 
the Polar Begions, are charted—largely by the work of the British 

^ Second Report of the Science Advisory Board, Washington, D*0., 
Sept. 1036. 
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Hjrdtt^aphio Serrioe in the eighteenth and nineteenth centuries— 
and that the positions of most important physical features and 
permanent settlements are knovm. But it is also true that reliably 
accurate surveys on fairly large scales (of one inch to one mile or 
more) extend over less than a quarter of the land surface ; and 
that the area of precise levelling, which enables us to know altitudes 
and slopes, is even less extensive. In Britain the production of 
topographic maps has been the work of one technical service, the 
Ordnance Survey, for nearly a hundred and fifty years ; and we 
have perhaps the best national maps in existence, though the 
recent internal movements of population and accompanying changes 
have produced an urgent need for revision of all our large-scale 
maps. In the U.S.A., owing largely to historical accidents, there 
is not yet any one Service responsible for mapping the country. 
The chief Mapping Services are the Coast and Geodetic Survey, 
which is responsible for geodetic and magnetic survey over the 
whole country and for hydrographic survey on the sea (but not 
the Lake) coasts, and the Topographic Branch of the Geological 
Survey, which came into existence because no one can map geology 
until he has a topographic base map. The Report notes that 
twenty-six other agencies of the Federal Government carry out 
some mapping ; but only the two just mentioned, for the whole 
country, and two local services, the Lake Survey and the Missis¬ 
sippi River Commission, are of real importance in this connection. 
Amongst them these mapping Services have by now produced 
topographic maps, mostly on scales of 1 : 62,500 or 1 : 125,000, for 
half the country ; but of these those which are recognised as up 
to modem standards of accmacy cover only 26 per cent, of the 
area of the continental United States; so that barely a quarter 
of the country is adequately mapped. Europe is much better oflF, 
since nearly the whole of its inhabited lands are well surveyed, an 
advantage largely due to the military needs of its governments in 
the nineteenth century. During the present century the Survey 
of India has complete the mapping of two-thirds of that sub¬ 
continent on the scale of 1 : 63,360 ; and comparable progress has 
been made by the U.S.S.R. So the U.S.A., hampered by accidental 
divisions among its Federal Services and free from pressure of 
military needs, is relatively backward m its lack of exact know¬ 
ledge of its own territory. The Science Advisory Board, as many 
sectional reports show, is fully justified in urging that the com¬ 
pletion of the topographic map is one of the most urgent needs; 
for an accurate map is an essential tool for the scientific study and 
Utilisation of the Natural Resources of any country* 

zz 
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The chief series of topographic maps of the U.S.A. are drawn 
on scales of 1: 62,600 and 1:126,000, which are the decimal scales 
nearest to our inch-to-the-mile (1: 63,360) and half-inch-to-the* 
mile (1 : 126,720). There are also series on scales of the inoh>to 
the-mile group, and a number of maps on scales derived from the 
inch-to-the-foot relationship, t.g. 1 ; 12,000 and 1 : 24,000, This 
mixture of scales is a little worse than that of the British Ordnance 
Smwey, which begins and ends its series with decimal scales, the 
1 : 2,600, which is commonly called the 26-inch, and the 1 : 1,000,000; 
but uses the inch-to-mile group of scales in between, as in the 6-inch 
(1 : 10,660), the 1-inch, the ^-inch, and the J-inch (1 : 263,440). 
Outside the British Empire and the U.S.A. practically all important 
large-scale maps are on decimal scales, usually simple multiples of 
the 1 : 1,000,000 scale of the International Map. And the Report 
before us recommends decimal scales for the mapping of the U.S.A. 

Although questions of mapping occupy more than half of the 
space given to scientific reports in this volume, some other less 
urgent matters referred to are of no less importance. Most of the 
other reports are brief preliminary statements which we may 
expect to see followed up by further investigations. Some of 
them are statements of problems and suggestions for investigation 
rather than suggested solutions. They relate to the work of the 
Weather Bureau, the Public Health Services, the Patent System 
in its relations to industry, the Railways, and the Mineral Wealth 
of the country, and indicate several lines along which organised 
scientific investigation can be of direct service to the community. 

Revision of British Ordnance Survey Maps (C. B. F.) 

The vital importance of accurate and up-to-date maps for a 
planned economy, and the fact that our O.S. maps have been 
allowed to fall badly out-of-date, owing to the war and the post-war 
“ economies,” have now produced a widespread demand for revised 
maps. Experiment in mapping has been extremely active daring 
recent years, aided by the development of the International Map 
and stimulated by the work in many new states and colonial terri¬ 
tories. And the beginning of a long overdue revision of our maps 
gives an opportunity for the introduction of many improvements, 
which should not be missed. It seems to be generally agreed that 
the revised 1 : 2,600 base map should be redrawn on one meridian 
for the whole of Great Britain, so that any adjoining sheets shall fit 
each other exactly ; in place of the existing series of oounty-groups, 
each of which is on its own meridian and independent of all the rest 
so that maps of different groups do not fit each other. 
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Thera is also discussion about the symbols and scales to be used. 
Hera all scientific workers will support the proposal that the various 
scales should be simple and eza(;t multiples or sub-multiples of each 
other; and, further, that they should be in the decimal series used in 
nearly all other countries. The base map of our series is already on 
a decimal scale, 1 : 2,600 (though it is usually called 26 inches to 
1 mile). At the other end of our series we use, and are pledged to, 
the 1 : 1,000,000 scale of the International Map. The introduction of 
the uniform grid system of reference makes it even more important 
that the several scales should be exactly related. And the revision 
of the maps gives a convenient opportunity to redraw them on 
intervening scales of this decimal series. Such a change involves 
no technical difficulties, nor do<« it involve the use of metric measures 
of length; but it would be a departure from established custom 
though for ordinary purposes the change would not be noticeable 
on any map other than the 1-inch. 

Wind From Quarts Crystals (S. K. L.) 

The use of thin slabs out from quartz crystals as frequency- 
stabilisers for high-frequency oscillators is well known. Compared 
with the piezo-electric property which is utilised in these applica¬ 
tions, little is known of the other phenomena associated with the 
mechanical vibrations of these discs. 

Some interesting new observations on the wind produced by 
vibrating quartz crystcds are described by S. C. Hight in the Bdl 
Laboratories Record for December 1935. A quartz plate 6 cm. 
square and 2’86 mm. thick was connected in an oscillating valve 
circuit tuned to the resonant frequency of the crystal plate, which 
was, in this case, one megacycle per second. Each of the two 
crystal electrodes consisted of a thin metallic film deposited on the 
faces of the crystal. A stream of air was found to come from 
each surface, the stream having a cross-section about the same as 
that of the crystal, and diverging at a distance of about 1 foot. 
Turbulenoe was observed at a distance of several feet from the 
crystal. 

Although a completely satisfactory explanation has not yet 
been found, a simple aiudysis of the conditions at the vibrating 
surface indicates a probable cause of the phenomenon. The surface 
of the plate reaches a maximum velocity of 600 cm. per second, the 
acceleration being 20,000 miles per second per second. Air mole¬ 
cules, under normal conditions, have rather less velocity than the 
maximum velocity of the surface of the plate, and therefore those 
tiiat impinge on it at the peak velocity receive an outward aocelera- 
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tion of large value. As the surface recedes the accelerated molecules 
continue to move outwards, and the molecules around the edges 
of the plate, which still have random motion, move into the vacant 
space and there receive an outward acceleration during the next 
cycle of vibration. 

In this way a valve action Is set up, and if this action were 
perfect, simple calculation shows that the displacement of air 
would amount to 2 litres per second. This valve action is nearly 
independent of the frequency of vibration. 


ICisoellanea 

The New Year Honours List included the following names : 
Knights : B. C. Burt, agricultural expert to the Imperial College of 
Agricultural Research ; Prof. A. Harden, emeritus professor of 
biochemistry in the University of London ; Dr. H. J. W. Hether- 
ington, vice-chancellor of the University of Liverpool; Prof. D. P. D. 
Wilkie of Edinburgh, member of the Medical Research Council; 
C.M.O. : Willi Eels, for his work in New Zealand on ethnology; 
W. Nowell, director of the East African Agricultural Research 
Station ; C.B.E. : Lieut.-Col. A. MacD. Dick, professor of ophthalm¬ 
ology, King Edward Medical College, Lahore, Punjab; Dr. P. 
Hartley, director of the Department of Biological Standards, 
Medicfd Research Council; J. F. Marshall, honorary director of' 
the British Mosquito Control Institute, Hayling Island; O.BJE. : 
Dr. S. S. Bhatnagar, professor of physical chemistry, Punjab 
University ; T. Crook, principal of the Mineral Resources Depart¬ 
ment, Imperial Institute ; Dr. R. W. Dodgson, director of shellfish 
services. Ministry of Agriculture and Fisheries ; G. E. Holden, 
technical adviser to the Dyestuffs Advisory licensing Committee; 
H. L. Stevens, principal scientific officer. Air Ministry ; T. Waites, 
Government statistician. State of New South Wales. 

Sir William H. Bragg was elected president of the Royal Society 
in succession to Sir F. Gowland Hopkins at the anniversary meeting 
of the Society on November 30. Sir Henry Lyons was re-appointed 
treasurer of the Society, Sir Frank E. Smith and Prof. A. V. Hill 
were elected secretaries and Prof. A. C. Seward, foreign aeoretaiy* 
The occasion was notable in that these, the nominees of the Council, 
were opposed by others nominated by a group of fellows dissarisfied 
with the procedure adopted for the election of officers and fallows 
of the Society. 

It is aimounced that Lord Rutherford will direct the work of 
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the Royal Society Mond Laboratory at Cambridge, Dr. Kapitsa’s 
magnetic apparatus having been sold to Russia. 

Prof. Ejnar Hertzsprung of loiden has been appointed to succeed 
the late Prof. W. de Sitter as director of the Leiden Observatory. 
Prof. Hertzsprung was awarded the gold medal of the Royal 
Astronomical Society in 1920 and is known in particular for his 
work on double star clusters. 

The biennial award of the Symons gold medal of the Royal 
Meteorological Society has been made to Prof. W. Schmidt of the 
Central Institution for Meteorology and Geodynamics, Vienna. 
Dr. P. J. W. Whipple has been elected president of the Society. 

Dr. R. S. Clay has been elected president of the Royal micro¬ 
scopical Society. 

Sir William H. Bragg has been awarded the Faraday medal of the 
Institution of Eiectrical Engineers. 

The gold medal of the Royal Astronomical Society has been 
awarded to Prof. H. Kimura of the Mizusawa Observatory, Japan, 
for his work on the variation of latitude. 

Dr. C. V. Drysdale has been awarded the Duddell medal of the 
Physical Society for his work on electrical and optical measuring 
instruments. 

Dr. G. A. Young, chief geologist of the Canadian Geo¬ 
logical Survey, has been elected President of the Royal Society of 
Canada. 

Dr. H. S. Glassen, professor of physiology in Cornell University, 
will succeed Dr. Simon Flexner as director of the Rockefeller 
Institute. 

We have noted with regret announcements of the death of the 
following well-known men of science during the past quarter: 
Prof. J. H. Ashworth, F.R.S., of Edinburgh University, zoologist; 
Dr. J. H. Breasted of the University of Chicago, egyptologut; 
Prof. W. E. Byerly of Harvard, mathematician; Prof. J. D. 
Cormack, C.B.E., of the University of Glasgow, engineer; Prof. 
A. F. Dixon, of Trinity College, Dublin, anatomist; Capt. S. R. 
Douglas, F.R.S., deputy-director of the National Institute for 
Medicid Research ; Mr. C. P. GBchrist, F.R.S., metallurgist; Prof. 
D. C. Gillespie of Cornell University, mathematician ; Sir Richard 
Qlazebrook, physicist; Dr. A. A. Gray of Glasgow, otologist; 
Prof. V. GrignaM of the University of Lyons, chemist; Prof. A. S. 
Hitchcock of the U.S. Department of Agriculture, agrostologist; 
Dr. Howard McClenhan, secretary of the Franklin Institute ; Prof. 
Charles Richet, N.L., physioltgist; Sir Alfred Sharpe, African 
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elcplorer; Prof. J. E. A. Steggall of the UnivotBity of Dundee, 
mathematician ; Dr. V. K. Ting of Peiping, geologist. 

The British Association will meet at Blackpool this year during 
the week September 9-16. Sir Joaiah Stamp is president of the 
Association and the presidents of the various sections are as follows : 
A (Mathematics and Physics), Dr. A. Ferguson; B (Chemistry), 
Prof. J. C. Philip ; C (Geology), Prof. H. L. Hawkins ; D (Zoology), 
Dr. Julian Huxley; E (Geography), Brig. Winterbotham; P 
(Economics and Statistics), Dr. C. R. Fay; H (Anthropology), 
Miss D. A. E. Garrod; I (Physiology), Prof. R. J. S. McDowall; 
J (Psychology), Mr. A. W. Walters; K (Botany), Mr. J. Rams- 
bottom ; L (Educational Science), Sir Richard W. Livingstone; 
M (Agriculture), Prof. J. Hendrick. 

A Society for the Study of Alchemy and Early Chemistry has 
been formed in London with Prof. J. R. Partington as its first 
president. It is proposed to hold regular meetings and to publish 
a Journal which will be edited by Dr. F. Sherwood Taylor. 

Dempster (Nature, Dec. 7, 1635) has confirmed the existence of 
the two isotopes of iridium (191, 193) whose presence Venkatesaohar 
and Sibaiya deduced from an exanoination of the hyperfine struc¬ 
ture of certain lines in the ultra-violet spectrum of that element. 
With this work the isotopic constitution of all the elements has 
been found. It appears that there are in all 261 isotopes and that 
tin with 11 has more than any other element. 

The Bell System Technical Journal for October 1935 contains a 
digest of two papers published in the Transactions of the Electro¬ 
chemical Society dealing with the behaviour of lead, lead-antimony 
and lead-calcium alloys when used for the grids of storage batteries. 
At present lead-antimony alloys are usually employed and it 
has been shown that in the course of the normal operation of such 
cells antimony passes through the solution from the poritive 
electrode and deposits on the negative where it causes local action 
and self-discharge. Further stibine is generated in perceptible 
amounts on overcharge. Until recently, however, no other alloys 
having suitable physical characters were known. Now it has been 
shown that, at its melting-point, lead will dissolve O’lO per cent, 
of calcium. When this mixture cools the calcium comes out of the 
solid solution as PbiCa only 0*01 per cent, remaining dissolved at 
room temperature. The metal so obtained has a strength compar' 
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able with that of the lead-antimony alloys generally used in storage 
batteries and an eleotrioal oonduotivity 20 per cent, greater than 
that of lead—9 per cent, antimony. Used experimentally for cell 
grids it has functioned excellently ; cells constructed with it having 
a greater efficiency and losing much less of their charge when left 
standing than those in which lead-antimony is used. 

The Journal of Research of the National Bureau of Standards 
for September 1935 contains a report of an investigation of the 
effects of fumigants, intended for the destruction of insect pests, 
on book and writing papers. The results indicate that normal 
fumigation, e.g. with hydrocyanic acid gas, ethylene chloride— 
carbon tetrachloride or carbon disulphide has no significant 
deleterious effects. In the same issue of the Journal Hoffman 
and Scribner describe the purification of gallium by fractional 
crystallisation and in the October number Lundell and Hoffinan 
give an account of a determination of the atomic weight of 
the element in which a sample containing less than 0*001 per 
cent, of impurity was used. Their “ rounded value ” is 69*74. 
The November issue contains a useful paper by Mueller and Wenner 
dealing with various adjustable resistance devices, in particular 
with that devised in 1902 by Waidner and Wolff. 

The Report of the Water Pollution Research Board for the year 
ending June 30, 1035, states that two experimental plants have 
been erected at Ellesmere, Shropshire, to enable a large-scale test 
of the processes devised by the Board for the treatment of dairy 
effluents to be made. The industry, through the Milk Marketing 
Board, is contributing £3,000 a year for two years towards the 
cost of the investigation. The Report summarises the principal 
results obtained during the last few years in an investigation of 
the base-exchange process of water softening: This process is 
employed by several water supply undertakings and by many 
industrial firms ; it is the basis of the household softeners in common 
use in various parte of the country. Base-exchange materials in 
use for softening water include synthetic products and treated 
minerals. Some of the synthetic products are manufactured in 
this country but the minerals are imported, mainly from abroad. 
As a result of the investigation methods of treatment have now 
been devised whereby materials suitable for softening water can be 
prepared from certain British days. From a few of the days 
materials have been obtained which are equal in softening value 
to imported days and are less liable to deterioration. 
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One outstanding discovery resulting from the Boartd’s work is 
that certain synthetic resins possess marked base-exchange proper¬ 
ties, greater in some instances than the base-exchange values of 
existing commercial materials. Other resins have been prepared 
which remove acids from solution in water. By treatment of tap 
water with a resin of one type apd then with a resin of the second 
type, the salts in solution were reduced from 33 parts to about 
1 part per 100,000. Similar treatment repeated two or three times 
removed most of the salt from sea water. 

Sir Frank Smith gave some interesting figures relating to the 
use of coal and the development of power in this country in his 
presidential address to the Junior Institution of Engineers in 
December last. During the period 1913-34 the results of applied 
research have effected economies in the use of coal of the order 
of 35 mQlion tons per year (t.e. about a fifth of the total used in 
1913) while the total home consumption has diminished by only 
22 million tons, the balance being taken by new-users. The economy 
is most striking in the generation of electrical energy where the 
average consumption of coal, now 661 tons per million units, has 
been halved since 1920. At Battersea indeed only 407 tons are 
used—a figure which represents a thermal efficiency of 29 per cent. 
Remarkable results have been achieved also in the marine engineer¬ 
ing industry where 10 tons of coal now serve to do what required 
16 tons in 1913, even so, however, the tonnage of oil-burning ships 
has increased fifteenfold to 19,885,000 tons in the last twenty years 
and that of motor ships forty-sevenfold to 11,000,000 tons. ‘ 

The import of oil in 1934 was equivalent, on a heat basis, to 
12 million tons of coal and thus, in a sense, displaced 43,000 mmi 
frdm the coal industry, a figure which becomes quite insignificant 
when it is remembered that, in one way or another, the motor 
industry gives employment to about one million. It is to be hoped, 
however, that in the not very distant future much of this oil may 
be manufactured in tiiis country. The hydrogenation plant at 
Billingham has a capacity of about 150,000 tons of petrol per 
year or 4 per cent, of our present consumption. In Germany the 
Fischer process which does not require high pressure equipment is 
being developed and the progress of the work is being carefully 
watched over here. 

We have received a copy of the second Bulletin ef the University 
of London Council for Psychical Investigation containing a descrip¬ 
tion in minute and illustrated detail of a demonstration of firo* 
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walking by a Muhammadan named Kuda Bux in a garden at 
Carshalton on September 9 and 17, 1935. The test on September 9 
was made to discover the proper conditions for the main experiment 
on September 17. On that day a trench 11 ft. long, 6 ft. wide and 
9 in. deep was used. (A 26-ft. trench was provided but the 
demonstrator used only half of it.) A fire built up of oak logs and 
firewood was lighted at 8.30 a.m. and fed during the morning so 
that, at lunch time, the trench was filled with white hot embers 
up to ground level. At 2.30 p.m. a load of charcoal was raked 
over the trench to provide an even surface and this, by 2.50, was 
cherry red. At 3.14 Bux, his feet bare, the skin soft and dry, 
made his first walk traversing the trench in four strides so that 
each foot came twice into contact with the embers and for about 
0'5 sec. each time. The walk was repeated in much the same 
manner at 3.17 and neither immediately nor 48 min. afterwards did 
the soles show any signs of blistering though an Englishman and 
another Indian who attempted the walk afterwards blistered their 
feet after only one contact with the embers. Bux weighed only 
120 lb., the two others about 160 lb. Beading the account it may 
be imagined that a light body and a certain skill in walking so as 
to give a small time of contact form part of the secret of immunity. 
One had imagined fire-walking to be a much more sensational affair, 
but an observer, who had seen ceremonial fire-walking in South 
India, stated that the test was unusually severe, the layer of embers 
being too shallow and the fire, by reason of the wind, too hot. 

The Bulletin (price 5s.) is published at 13d Roland Gardens, 
8.W.7, and is not an official publication of the University of 
London. 



ESSAY REVIEWS 

THE LIVING GARDEN. By Sin Arthuii Hux, M.A., So.D., F.R.S., 
Director of the Royal Botanic Gardona, Kew. Being a Review of 
The Living Garden or The How and Why of Garden Life, 
by E. J. SALiSBiray, D,Sc., F.R.S. [Pp. xii 4- 338, with 17 plates and 
60 text illiistrations.] (London : G. Bell & Sons, Ltd., 1935. 10s. 6d, 

net.) 

“ A GABDBN is a lovesome thing ’’ all the more because it is a living 
thing and like other living creatures which claim our affection it 
is lovesome because of its waywardness and fickleness. “ Where 
grows ? Where grows it not ? If vain our toil we ought to blame 
the culture not the soil'':—“ The how and why of garden life is 
the concern of the learned Quain Professor of Botany in this 
admirable book, and he discusses with charm and authority the 
many questions, often of a fundamental character, which are always 
being asked and may often be fully answered by the gardener with 
a perceiving eye, and all the more certainly after a careful study 
of this work which will make him both think and seek to find the 
answer. 

It is pleasing to find a professional botanist who is also a keen 
gardener and therefore realises how much can be learnt from the 
actual handling of plants, not only as to their physiological require¬ 
ments, but also as to their habits and general morphology. 

The bulbous Oxalis, for instance, that curse of a sandy soil, 
becomes a fascinating study as one uproots it to discover its 
innumerable bulbils for reproduction, and its corrugated, fleshy, 
contractile tap root. Or again the willow herb which one may 
think one has eradicated until in the winter one discovers its brussel- 
sprout-like rosettes almost buried in the soil! To the real gardener, 
studying the scientific principles underlying his craft, it is not only 
the flowers but also the weeds which provide him food for thought 
and study and shed light on problems of plant physiology and ecology 
in particular. All these matters are discussed more especially in 
Professor Salisbury's chapters on sunlight and shade, vegetative 
propagation, seed production, weeds and on cutting lawns and 
hedges. The trained botanist is able to point out to the gardener 
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the phyaiologioal explanation of many a matter of common obser¬ 
vation about which he may before have attempted in vain to seek 
an explanation. Why is it that some plants prefer shade and 
others bright sunlight ? that some succumb to frost and some 
cannot tolerate unduly wet soil ? The competent gardener knows 
that such things are so, but now he is given the explanation. 
Professor Salisbury is most illuminating and instructive in his 
explanation of the all-important role of carbon dioxide in relation 
to the plant and why it is that some plants need all the sunlight 
they can get in order fully to utiUse the carbon dioxide for the 
making of the materials necessary for their growth. The answer 
being that such plants admit carbon dioxide very readily into 
their leaves and need ample sunshine to turn the supply to good 
advantage. Then there are other plants which do not admit 
carbon dioxide so readily and so do not need much sunshine, since 
the plant machine does not require a great amount of power for its 
successful working. This affords an interesting explanation of the 
success of Aspidistras in Bloomsbury, since these useful plants are 
true shade-lovers, and is a sufBcient reason for the botanist or 
gardener to refuse to contribute to any well-meaning society anxious 
to give them an outing in the sun. 

Of equal interest are his remarks on the length of exposure to 
light that different plants require, for we can now understand how the 
long summer day of our northern climes is essential to those plants 
which have to get through their life cycle quickly, while plants 
like Coamoa refuse to flower until the days get shorter. A twelve- 
hour day is the normal daylight period for Cosmos in its own home, 
and instead of benefiting, as one might imagine, from our long 
summer daylight it may even be cut by frost before it comes into 
flower. Restrict its daylight period to twelve hours, however, by 
artificial means and earlier blossoming will be the result. Need¬ 
less to say our old friends chiokweed and groundsel can flourish 
and flower however much or little daylight they receive, and a 
hard frost is our only hope of ensuring their riddance. Why, how- 
eyer, should the cucumber produce more male flowers when the 
light is bright and an increased number of females if the light 
intensity is diminished ? How many gardeners, before reading 
Professor Salisbury's chapter on “ Sunlight and Shade,” could give 
a satisfactory answer as to why they religiously carry out the 
annual garden ritual of tying up lettuces and earthing up celery ? 

The chapter on “ Frost and Fog ” gives an opportunity for the 
reproduction of two excellent pictures showing the effect of the 
lower temperature on the thinner, more quickly cooled leaf margins 
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and of the oocurrenoe of water stomata and also some useful 
information about London fog, that bane of those who grow delicate 
orchids and Begonias—surely Bignonias on p. 82 is a misprint for 
Begonias ?—and other susceptible plants under glass in the neigh¬ 
bourhood of London. 

When dealing with rock gardens and the distribution of roots 
in the soil and the many questions of plants in relation to water, 
Professor Salisbury brings a number of facts of importance before 
the cultivator which will be of material assistance and will help him 
to understand the why and wherefore of many practices he has 
carried out as the result of experience without an exact knowledge 
of why it is that such and such a method has in some oases proved 
a success and a failure in others. The importance of soil aeration 
receives its full share of attention since the success in growing 
many alpine plants so largely depends on due regard being paid 
both to the physical constitution of the soil and on the water 
supply. Tomato seedlings, for instance, wiU thrive in a good sandy 
compost but in a stiffer and more compact medium they will make 
but poor growth. The well-known garden practice of placing 
cuttings at the edge of a pot is also shown to be due to the better 
aeration of the soil where it is in contact with the porous side of 
the pot, and cuttings so placed, as is well known, strike far more 
easily than those placed in the soil in the centre of the pot. 

We are constantly and very rightly reminded throughout the 
book how in all our garden operations due regard must be paid 
to the physiological needs of the plant in connexion with the 
absorption of water and mineral salts, the absorption of carbon 
dioxide and root aeration. 

Then again Professor Salisbury is able to throw light on many 
interesting points relating to vegetative propagation, a matter which 
has received so much attention of late years at East Mailing in 
particular, the underlying principles of which have proved to be 
of great commercial importance. He might have added that the 
Tree Ivy has resulted from striking cuttings of the flowering shoots 
of the ordinary climbing ivy which are produced when it grows 
away from its support. These shoots, which have leaves arranged 
around the stem, retain this character and the resultant plants are 
dwarf flowering bushes which never assume the climbing habit. 
A similar physiological condition is attained by some spedes of 
VUit when they come to the flowering stage and cuttings taken 
from the flowering shoots—^like the Tree Ivy—^never regain the 
climbing habit. 

Much valuable information and advice is given in the diapter 
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on “ Fortuity and Inheritance ’’ which those who wish to reap full 
advantage firom their fruit trees wiU do well to study carefully. 

The quotation, “ With aU thy getting get understanding,” with 
which Chapter VIIl is headed, is one of the many wise sayings 
from the Book of Proverbs that we would do well to lay to heart. 
Moreover, it is a real pleasure to discover the parts of the world 
which have contributed so richly to the adornment of our gardens. 
With that end in view, Professor Salisbury might have referred to 
the annual display at Kew of the annuals commonly grown in 
gardens, which are arranged in beds according to their countries 
of origin, so that gardeners may see at a glance what for instance 
North and South America, South Africa, Australia and the Mediter¬ 
ranean region contribute to the feasts of colour in their gardens. 
Among the trees he refers to he might have mentioned, on p. 130, 
the remarkable fact that in addition to the weU-known Tulip Tree 
from the Sastem United States another species, lAriodendron 
chinente, was discovered some few years ago in the mountains of 
Hupeh, China. Geography has led him a little astray with regard 
to Leyceateria formoaa, for the specific name refers to the beautiful 
aspect of this Himalayan shrub and not to the Island of Formosa! 

Plant names, whether English or Latin, can afford the gardener 
pleasant recreation on many a winter evening in hunting up their 
meaning and discovering now and again some piece of ancient 
history, as in ” Candle-Wick ” or in the many plants with the 
prefix “ Lady’s,” dedicated to the Virgin Mary, such as “ Our 
Lady’s Bedstraw,” the plant which, according to tradition, filled 
the Manger at Bethlehem ; ” Our Lady’s Mantle ” (AichemiUa) ; 
” Our Lady’s Comb ” {Scandix Pecten-Veneria), which in Puritan 
times was changed to Venus’ Comb I or the Maidenhair Fern, 
“ The Virgin’s Hair.” The wonder is, very often, how the working 
gardener can remember and pronounce the Latin and Greek names 
which can mean nothing to him: some botanists might fail to 
recognise in what an old gardener used to speak of as ” The China 
Doctor ” the beautiful, pale-blue ” Glory of the Snow ” of early 
spring. We are indebted to Professor Salisbury for pointing out 
the origin and meaning of many plant names that may seem 
meaningless to the layman, but why did he fail to discover that 
M. Charles Godet (1797-1879), after whom Godttia was named, was 
the distinguished Swiss botanist and entomologist who vrrote the 
Flora of Jura and described many new species j^m the Caucasus ! 

Then he has been a little unfortunate over the Pssony, for there 
is no record of Psson, the Physician of the Gods, ever having gone 
to Paris, though had he done so assuredly he would have been given 
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his M.D.! Had Paris, however, gone to Pieon instead of to CEnone 
—who also had a genus named after her—^there might have been 
a piean in Troy instead of a funeral dirge I 

These, however, are minor points, easily rectified in a seoond 
edition which should certainly be called for. 

We can now admire all the mere the cleverness of our plantains, 
dandelions and daisies in escaping the lawn mower, now that we 
are shown the way they have become so ingenious; the way our 
bulbs remain below the ground instead of continually appearing 
on the surface of the soil like the stones in our garden, and some¬ 
thing of that elusive quality of scent in plants and why sunflowers 
cannot grow at the North pole ! The late Sir Robert Ball used to 
assert that it was because they had to go round and round with the 
sun with the result that their flower heads got twisted off! 

Much more might be said in commendation of this useful book 
for garden workers and lovers, but obviously it must be read to 
be fully appreciated and the dish must not be spoilt by any attempt 
at a richauffl. We can only conclude by congratulating Professoar 
Salisbury on having produced so useful and interesting a book and 
on having had the good fortune to secure the services of Mrs. G. M. 
Caroe for the delightful illustrations which add so greatly to its 
enjoyment. 

SCIENCE IN BAGHDAD IN THE NINTH CENTURY. By 

J. R. Pabtinoton, M.B.E., D.Sc., Professor of Chemistry in the Uni¬ 
versity of London, Queen Mary College. Being a Review of an 
Encyclopaedia of Philosophical and Natural Sciences as taught 
in Baghdad about A.D. 817, or the Book of Treasures of 
Job of Edeesa. Syriae text edited and translated with a critical 
apparatus by A. Minoana. [Pp. xiviii + 470.] (Cambridge : W. HefiBar 
& Sons, Ltd., 1036. £2 2<. net.) 

Thk author of the treatise here edited and translated. Job of Edessa, 
known to the Arabs as Ayyub al-Buhawi, was bom at Edessa, 
probably about a.d. 760 and was still alive in 832. His native town 
was the ancient home of Syrian Christianity, which was well 
established there early in the third century. In the fifth century 
Nestorius, a monk of Antioch, was expelled with his foUowers from 
the fold of the orthodox church as holding heretical opinions, and 
settled at Edessa. The Nestorians were in 489 driven from Edessa 
by Leo the Isautian, but by this time they had become an important 
power in the eastern world, and in the following century their 
missionary activity extended as far as India, Ceylon and China. 
Like most missionaries, they were keen educationists, teaching 
science (especially mathematics), philosophy and medicine, which 
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they practised, the oldest physicians mentioned by Arabic 
authors being all Christians. Their sources were Greek, and trans¬ 
lations of Greek works into Syriac, a form of the widely need Aramaic 
language, constituted the first important medium of transmission 
of Hellenic and Hellenistic culture and learning to the East. In 
those days the sun of the West had set, but its declining light cast 
over the East a long shadow of one of great stature, Aristotle, the 
representative of the whole of ancient learning, ilk Philosophua as 
he is often simply called. 

The translations of profane works from Greek to Syriac began 
as early as the fifth, and continued until the thirteenth century. 
The end of the eighth and the beginning of the ninth century are 
notable for a revival in the study of Greek works at Baghdad, the 
new capital of the ‘Abbasid Caliphs, who caused Greek manuscripts 
on meihcine and science to be brought from S3rria, Egypt and Asia 
Minor, and had them translated by Christians, the most famous 
being Hunain ibn Isl^aq, who died in 876. He mentions Job of 
Edessa as a translator of Galen into Syriac, and made use of some 
of his translations. Job also wrote Arabic works, none of which 
are known, and only two of his works, one on canine hydrophobia 
and the Book of Treaaurea, have come down to us, the latter having 
probably been written about 817. 

The principal authority in the Book of Treasures is Aristotle, 
but Galen and Hippokrates, as well as anonymous Indians and 
Persians, are also mentioned. The Book of Treasures is a large 
work for its time : the translation occupies nearly 300 pages, and 
it would be a difficult and not very useful task to summarise its 
contents, and to indicate where they are merely borrowed fipom 
Aristotle and where they are new. The Editor has indicated this 
in some cases, but his treatment does not give the impression 
that he has made a sufficiently exhaiistive study of the parts of 
Aristotle which might be expected to be reproduced, although he 
has been careful to indicate in many places where the treatment 
diverges from that of the Greek. In the introduction he sum¬ 
marises the contents of the work under the headings of metaphysics, 
theology, psychology, biology, anatomy and physiology, medicine, 
chemistry and physios, music, mathematics and astronomy. The 
whole forms a kind of small encyclopaedia, and it would be useful 
to compare its contents with those of the similar work of the Pernan, 
Mul^mmad ibn Ahma^i al-Khw&rizmi, written in 976 in Arabie. 
As the Editor remarks, many of the discussions show a desire to 
find reasons for natural phenomena which modem science leaves 
unexplored for lack of positive data, and the early scientists generally 
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hoped to know more of ultimate origins than we now consider 
possible or desirable. 

In metaphysics the view is expressed that the only kind of 
matter is concrete, synonymous with a material body, endowed 
with the quantity and quality possessed by ail bodies in the universe. 
The existence of the primary matter of Aristotle, which received 
the two pairs of opposites, heat-cold and diyness-humidity, is 
rejected on the ground that matter, not being endowed with any 
quality whereby it may be conceived, cannot receive things dis¬ 
similar to itself. The Aristotelian doctrine of contraries is, however, 
accepted and very fully worked out: when the elements cease to 
strive, it is said, the generating activity of the imiverse will come 
to an end. In theology, the author rejects the resuireotion of 
material bodies, and in psychology he believes that the soul is 
quite distinct from the animal spirit found in the material oigans 
of the brain, and in the union of the soul with the body it keeps 
its entity without change. In biology the distinctions into genera 
and species of animals and plants are traced back to the elements. 
Lower forms of life such as vermin and worms are thought to be 
derived from the action of the elements working in corrupted bodies, 
and such lower forms of life are not supposed to procreate. The 
origin of animal bodies is, as usual, explained as due to coction of 
the primordial liquid matter or chyle, which was the result of the 
coming together of the simple elements. It is implied that both, 
the sexes participate in the production of the embryo, which tdtes 
its qualities from both of them. 

The medical theory is that of the four humours, and health is 
regarded as the equilibrium of the elements. Disease is caused by 
predominance of an element; it is cured by drugs exerting the 
opposite effect and re-establishing the former harmemy. The 
purgative and vomitive effects of certain drugs are explained by 
the degrees of their active powers as compared with the power of 
resistance of the stomach. 

In his chemical and physical sections the author is essentially 
on Aristotelian ground, and he appears to have been ignorant of 
the chemical works which still exist in Syriac versions. He makes 
mention of alchemy and has no use for atomic theories. In the 
latter he follows Aristotle’s judgment, and like him he explains 
properties in terms of the four elements, which are mixed in varying 
proportions in material bodies. There are no simple bodies in the 
chemical sense, since even these may be reduced to the four de> 
mentary properties. Cbmbustion is explained as in Aristotle. 
The theories of tastes, colours (of which white and blade axe 
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primordial and the others formed from them) and sounds offer 
nothing noteworthy, and in meteorology Aristotle is again the main 
guide. In his physical geography Job says that the inside of the 
earth is warmer in winter than in summer, that mountains have 
more trees than plains because the contraction of their parts 
imprisons heat and moisture within them, and that the salinity of 
sea water is due to the extraction of the thin volatile part by the 
heat of the sun and the further reception of dryness and thickness 
from the upper surface of the earth. 

In mathematics, a distinction is made between the true mathe* 
matician and the arittimetician who merely juggles with numbers, 
yet there is a good deal of discussion of “ perfect ** numbers and 
the relations of numbers to parts of the universe. An ingenious 
explanation of the origin of the cipher is given : the early mathe¬ 
maticians used the fingers for coimting numbers, but having reached 
the ninth finger, which would be the forefinger, they began again 
with the first finger, which would be the little finger of the other 
hand. In order to find a link to connect the number 9 with the 
number 1, they formed the cipher, by linking the forefinger and the 
thumb together in a circle. The E^tor states that Job of Edessa 
is the earliest writer to mention the cipher, as it was in his time that 
this arithmetical sign reached Baghdad. 

In astronomy, the author believes that the stars are composed 
of the same elements as the earth, but endowed with a circular 
movement, as contrasted with a linear movement on the earth. 
Since a circular movement has no end, the stars will have no end 
whilst the earth will necessarily come to an end. The firmament 
is a real body and not an optical illusion caused by distance. The 
opinion of the ancients, that the stars are reasonable beings endowed 
with a rational soul and influencing the destiny of mankind, is 
severely criticised. 

The foimdations of European science are Greek, but the process 
by which the Greek works became known to the European Middle 
Ages is a curious one. The texts lay neglected in libraries until 
they were taken to Baghdad, and there they were clothed in an 
Arabic dress. In the twelfth century they came back in the form 
of Latin translations made principally in Spain, and much of the 
material was thought to be a gift of the Saracens. Both the 
beginning and end of this journey are in many respects still 
imperfectly known, and the publication and translation of such 
texts as the Book of Treaswrea cannot fail to be interesting and 
useful to students of the history of science. The great bulk of 
fiyriac literature is theological, and a scientific work is, therefore, 
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of pajrtioular interest and importanoe. The Editor states that the 
present volume is the first of a series of scientific publications from 
manuscripts in his collection, and the subsequent volumes will be 
awaited with considerable interest. 

THE CRANIAL MUSCLES OF VERTEBRATES. By G. B. ox 

Bskb, M.A., D.Sc., Department of Zoology and Comparative Anatomy. 
The University, Oxford. Being a Review of The Cranial Musclaa ol 
Vortebrates, by F. H. Edoewoeth, M.D., M.A., D.Sc. [Pp. x + 498, 
with 841 figures.] (Cambridge: at the University Press, 1935. £6 6*. 

net.) 

Professob Edoewobth has put all anatomists and zoologists in 
his debt by the preparation and publication of this splendid volume 
in which he has collected, collated, and amplified the results of 
the work on which he has been engaged since the beginning of this 
century. 

The development of the muscles of the head in all vertebrates 
is a subject which the author has made peculiarly his own, and 
this monograph, clearly written, logically arranged, and well 
illustrated, with its useful index and list of synonyms, is a notable 
addition to the literature of comparative anatomy. It is perhaps 
reserved for the specialist in vertebrate anatomy and embryology 
to realise and appreciate the monumental amount of work, patience, 
care and time, which the preparation of such a volume must have 
involved. The figures are beautifully clear, and so carefully 
labelled that reference to the explanation of abbreviations is rarely 
necessary. 

Professor Edgeworth is to be congratulated on having brought 
to such felicitous completion his arduous self-set task, and on having 
produced a standard work of reference for all time as to matters 
of fact connected with the development of the cephalic muscles in 
vertebrates. While there cannot be two opinions about this, it 
must unfortunately be said that the same measure of agreement 
will not be obtained in regard to the more theoretical and com¬ 
parative parts of the work, and to the phylogenetic and general 
biological conclusions which the author has attempted to ^:»w. 

Starting from the fact that in Selachii and Teleostomi the 
mandibular muscle-plate is divided into dorsal and ventral portions 
whereas in Holocephali, Dipnoi and Amphibia it is not so divided 
(«.e. remains in a condition through which the Selachii and Teleostomi 
pass). Professor Edgeworth draws the conclusion that the Holoce- 
phaU, Dipnoi and Amphibia “ show more nearly the primitive 
vertebrate state.” Zoologists will want good evidence before 
accepting such a conclusion which is diametrically opposed to the 



THl! OBAKIAL UUSOLBS OF VBBTBBRATBS 723 

view generally held aa to the relative phylogenetic positions of 
these groups of vertebrates. 

It is therefore of importance to note that Professor Edgeworth’s 
conclusions are based on the (now discredited) supposition that a 
condition which is embryonic in ontogeny must be primitive in 
phylogeny. Controversy regarding the justification of this supposi¬ 
tion has not been wanting in recent years, but without reopening 
it, it may be noted that this very application of the view is self- 
condemnatory. 

Continuing, Professor Edgeworth holds that the condition of 
the palatoquadrate bar in Holocephali, Dipnoi, and Amphibia 
where it is immovably fused to the skull (the use of the terms 
" monimostylic ” and “ streptostylic ” as applied to the ohondro- 
cranium is inadmissible), is more primitive than the condition in 
Selachii and Teleostomi where it is movable in the adult (though 
it is often temporarily attached to the brain-case during earlier 
stages of development). Bearing in mind the fact that the palato¬ 
quadrate is merely a modified visceral arch, similar in every prin¬ 
ciple to the branchial arches behind it, which arches are quite 
clearly independent of the neurocranium, zoologists will decline to 
agree with the author that “ there was a fixed horizontal palato¬ 
quadrate in the primary Vertebrate stock, attached anteriorly, in 
front of the optic nerve, to the ethmoid region or the trabecula, 
by a basal bridge to the posterior end of the trabecula, and by an 
otic process to the auditory capsule.” In this connexion, it may 
perhaps be mentioned that the author’s attribution to de Beer 
and Moy-Thomas of the view that the Selachii are descended from 
a Holocephalian stock is undeserved. Those authors were con¬ 
cerned merely to show that, in their possession of a non-suspensorial 
hyoid arch skeleton, the Holocephali show a feature more primitive 
t^n any living Selachian. 

On the contrary, the only satisfactory view is that the brain- 
case and the visoet^ arch skeleton were originally phylogenetioally 
quite distinct, that subsequently certain processes of the foremost 
elements of the latter became tnovably affixed to the former, and 
that, lastly, immovable fusion has taken place in certain forms 
which for other reasons are clearly specialised. A detailed study 
of the chondrooranium in all vertebrates shows that no phylogenetic 
significance whatever can be attached to temporary fusion of 
cartilaginous elements. In many Teleostomi the quadrate is 
temporarily fused with the hyosympleotic ; in Omithorhynchus the 
mall^ is fused with the incus and the stapes : to conclude there- 
firom that originally the skeletal bars of the first and second visceral 



SCIBKCB PBOOBISSS 


724 

arches were connected would be ridiculous, and onwamuited by 
any principles of morphology. The reasons for such embryonic 
fusions are still unknown, but it is quite clear that they ate not 
neoessaiily phylogenetic. Meanwhile, it may be noted that the 
non-division of the mandibular muscle-plate (in Holocephali, Dipnoi 
and Amphibia) seems to be a natural consequence of the acquisition 
of an immovable palatoquadrate. 

Attention may now be turned to Professor Edgeworth’s treat¬ 
ment of the extrinsic eye-muscles. As is well known, these arise 
in Selachii from the first three somites of the body, simply and 
regularly innervated by the three ventral nerve-roots corresponding 
to these segments. In other forms, the conditions are obscure, 
owing to the fact that a complete end uninterrupted row of somites 
irom the first segment to the segments of the trunk can no longer 
be demonstrated with such ease. In Teleostomi the eye-muscles 
appear to arise from the first two somites only, while in Dipnoi 
and Amphibia hey appear to arise from the first somite alone, 
and this is the condition which Professor Edgeworth regards as the 
most primitive. This implies that the three ventral nerve-roots 
which innervate the eye-muscles, are here concerned in the innerva¬ 
tion of the products of a single somite. Quite apart from the 
question as to whether somatic motor nerves can innervate somatio 
muscles of segments not corresponding to them, no morphologist 
could agree that such a condition as the author describes in Dipnoi 
or Amphibia could be primitive. The easily demonstrable positive 
fact of the regular and simple arrangement of the eye-muscles in 
Selachii will continue to appear as the more primitive to zoologists, 
and it is the conditions in the other groups which fail to conform 
(or appear to fail to do so, for when the somites are not deaily 
marked, it is very difficult to decide the provenance of any givmi 
group of cells) to this scheme which they will continue to regard 
as specialised. It may be added that the eye-muscles in Cyclostomes 
arise from the first three somites, and the work of Addens has shown 
that in spite of gross anatomical appearances, the innervation in 
these animals conforms to the simple regular, segmental plan. 

Professor Edgeworth’s phylogenetic series are simply the reverse 
of those which zoologists prefer to hold. 

Professor Edgeworth rejects van Wijhe’s theory of the mesoderm, 
not only because of his views on the origin of the eye-musdes, but 
also because he does not agree with van Wijhe’s identification of 
the branchial muscle-plates with the cephalic portion of the splanch¬ 
nic lateral plate mesoderm. In fact. Professor Edgeworth ri^gasds 
the branchial arch musdes as somatio although they are izmervated 
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by dcHSAl cranial nerre-'rootB. But as van Wijhe’B theory continues 
to be the only one which gives a satisfactory explanation of all the 
facta relating to the site of oiigin, neurology, histology, and the 
segmental or non-segmental nature of the mesoderm in the verte¬ 
brate head, better-found and more cogent objections to it than 
those which l^ofessor Edgeworth adduces are required before it 
can be given up. 

The author is impressed by the purposeful character of the 
development of the cranial muscles. This is as may be, and his 
view will command and obtain such respect and attention as is 
rightly due to an investigator who has in so masterly a way covered 
the whole of a large, intricate, and difficult field of research. But 
if, as Professor Edgeworth thinks, the development of the cranial 
muscles provides evidence for teleological views, then it is a pity 
that he should turn to Experimental Embryology for support. 
That branch of science is steadily and uninterruptedly accumulating 
evidence that development is a sequence of causally related events 
succeeding one another by neoessitation a iergo and not a fronte, 
in which sequence there is no room and no need for teleology. 
Even the view that the organism is always a whole has had to give 
way before the demonstration that during the so-called mosaic 
phase of development it is nothing but an aggregate of independent 
self-differentiating parts, and is incapable of regulation. 

However, it is alwa 3 re open to everyone to draw his own conclu¬ 
sions from the facts at his disposal, and in this case it must not be 
forgotten that it is to Professor Edgeworth that we are indebted for 
the facts, in this storehouse of observation at the disposal of present 
and future workers. 


TRANSLOCATION XN PLANTS By H. H. Dixoh, So.D., F.R.S.. 
Profeosor of Botany in the Univoraity of Dublin. Being a Review of 
The Translocation of Solutes in Plants—A Critical Considera-' 
tion of Evidence Bearing upon Solute Movement, by Oru F. 
CtTBTis, Professor of Botany, Cornell University. [Pp. xiv 4- 273, with 
13 ilgures.] (New York and London: McQraw-Hiil Publishing Oo., 
Ltd., 1936. 18a. net.) 

Pbovbssob Curtis has written a book which, if it is provocative, 
is sure to evoke research. It gives a very readable account of his 
own work and of the literature of the subject, and brings but the 
oontradiotory nature of the oondiusions arrived at. The discussions 
are often leti^hy and the reader is often surprised at the ingenious 
use whiidi is made of apparentiiy irrelevant facts. The whole gives 
Uie idea that the aotiuHr’s views have undergone modiiioation daring 
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the writing, and opinions will probably differ aa to the datity of 
its arrangement and the cogency of its arguments. 

The work presents three main theses : (1) No effective translooa- 
tion occurs in the wood ; (2) the normal path of solutes is in the 
phloem ; (3) while none of the hyimtheses as to the mechanism of 
transport in the phloem seems adequate, yet the author favours 
that in which the streaming of protoplasm plays an essential part. 

With regard to the first thesis. Professor Curtis relies prindpally 
on evidence supplied by ringing-experiments. He record that the 
shorter the region above the ring in the bark the smaller is the 
growth of the apical bud. He sees in this result evidence that 
some building material, normally supplied through the bark fails 
to reach the bud through the wood. There is no endeavour to 
show that there is a proportionality between the amount of building 
material within the ring and the amount of growth subsequently 
shown. Indeed, from the data quoted it appears that the elonga¬ 
tions of the buds were as 6: 8 but the volumes of the supplying 
tissues must have been approximately 3:7. It is assumed that in 
this reduction of growth, the supply of carbohydrates has formed 
the limiting factor, and hence the reduced growth indicates that 
the xylem does not form a channel for the movement of carbo¬ 
hydrates. 

Double-ringing experiments isolating a defoliated region of the 
stem from leafy regions above and below are used on page 23 to 
show that, if at the start the stem is starch free, no starch, derived 
from the photosynthesis of the leaves above and below the nngs, 
is deposited in the defoliated region; while, if the upper or the 
lower ring is omitted, deposition of starch in the defoliated region 
occurs. The conclusion that the double-ringed r^on has received 
little or no carbohydrate through the continuous xylem, is scarcely 
established when we learn—although only on page 239—^that 17 
of the 20 axes used in this experiment had produced weak shoots 
between the rings. This latter fact of course indicates that some 
carbohydrate has actually been translocated to the region between 
the rings for the construction of these shoots. 

The suggestion that inju^ to the wood by ringing may be 
responsible to a greater or less degree for reducing a normal passage 
of carbohydrates and other solutes through the wood is discussed 
in various places in the book. It is admitted that exposure of the 
surfaces of the wounds to evaporation and clumsy experimenta¬ 
tion, as practised by other investigators, may injuriously affect 
the viability of the wood and lead to plugging of the trachets; but 
ringing as carried out by Professor Curtis and wounds coated with 
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wurm paraffin wax do not produce the slightest signs of injury. 
It does not, however, appear how the broken water columns in 
the outer tracheae are re-established, or how the congealing paraffin 
prevents the exudation of colloidal substances from cells opened 
by the operation, or the spreaMl of morbid changes from the wounds. 
It is true that the visibility of these effects may be minimised by 
cutting down the oxygen supply and so reducing pigment forma¬ 
tion. The consequences of the physiological shock of ringing are 
also unknown. 

Professor Curtis’ final proof, that the xylem has no function in 
carbohydrate transport, is provided by his experiment in which he 
compares the growth and carbohydrate content of the defoliated 
ends of shoots which have been subjected to three different t 3 rpee 
of operation. In the first series the continuity of the bark has 
been completely interrupted by a ring below the defoliated region. 
In the second series, below a similarly defoliated shoot-ending, 
the wood is completely removed for a short distance in the stem. 
The third series act as controls in which the behaviour of the 
terminal bud on a defoliated stem-tip may be observed. To lessen 
the shock, to prevent drying of the wounds and to supply the two 
series of experimental shoots with water, the regions of operation 
are enclosed in glass collars. These collars are sealed to the stem 
below by melted paraffin wax so that they hold water and keep the 
out surfaces immersed during the experiment. The results of this 
experiment show that the average growth of the buds on the ringed 
shoots was least; while the excision of the wood was associated with 
less disturbance. These results are interpreted as proving “ that 
cutting the phloem (bark) prevented food transfer, whereas cutting 
the xylem cdlowed for approximately normal transfer.” The 
validity of the deduction, however, is rendered doubtful by the 
other records, which are given in the table setting forth these 
results. Here it appears that, when the continuity of both xylem 
and phloem was severed, the growth in nearly every case was 
greater than when the phloem alone was out. In one series the 
average growth of the terminal bud, ostensibly completely out off 
fiom all food supply, excelled that of the controls for the ^t three 
days. In a second table giving the sugar content of the defoliated 
regions in similar experiments, it appears that in none of the 
oases, where ringing seemed to check the growth, had the sugar 
supply above the ring been completely exhausted. In some there 
was even a considerably higher percentage of sugar in the ringed 
i^ban in either that with the xylem extirpated or the control. I 
have referred to these experiments more fully than perhaps their 
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importance justifiea, because Professor CurtiB has done me Uie 
honour of Ba 3 dng it would be interesting to know how 1 would 
explain the continued transfer when the xylem is completely removed 
(p. 104). I may be permitted firstly to remark that I hope I wiU 
never try to explain away any-clear evidence, which is brought 
against any theory I have advocated. In the case now before us, 
I see evidence that certain drastic operations have been followed 
by reduction in bud-growth ; I see no evidence that this reduction 
is due to an assumed impossibility of carbohydrate movement 
through the xylem. So far as the evidence of ringing experiments 
goes at present, all that can be said is, that sometimes ringing 
checks the growth of the terminal bud markedly, and sometimes 
as in Clements’ experiments its effect is by no means so profound. 
The evidence presented in the records before us does not prove 
that the diminution in growth is due to the want of carbohydrate 
foodstuffs. Several other factors such as the lack of necessary 
growth hormones, and the disturbance of various physiological 
processes may equally well reduce the growth. That in many 
cases growth continues indefinitely after ringing, seems to me to 
demonstrate that carbohydrates, to some extent at least, continue 
to move upwards in the wood. Consequently one cannot help 
feeling that, where the evidence presented in favour of the move¬ 
ment of carbohydrates in the phloem is so ambiguous, it is a {Hty 
Professor Curtis has not made use of Mason and Maakell’s really 
conclusive experiments demonstrating the movement of .these 
solutes in the phloem. Their beautiful experimental work on the 
transport of carbohydrates through strips of bark, separated in 
some cases entirely from the wood, and into flaps of the bark is so 
clear and convincing that it must be regarded as the most important 
contribution to our knowledge of translocation in plants during the 
last forty years. It is remarkable that the only evidence from 
these investigators, quoted by Curtis in this connection, is a double' 
ringing experiment which indicates quite clearly that some translo¬ 
cation of carbohydrate has taken plane through the wood. The 
results of the series in which this experiment is included are, in the 
book before us, rendered difficult of comprehension as they am 
explained by reference to an unsuitable figure. 

With the evidence at present available it will be hard to omt* 
vinoe anyone, who has observed the flow of sap from the wood 
a out vine-stem or sycamore, and tested it for sugmr, that fbe wood 
is never the channel of translocation for carbohydrates. The usual 
presence of sugam in tracheal sap confirms this view, fisiling evidence 
of some peculiar mechanism for fixing the solutes at the exact 
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level at -nrhiob they are found. The amount of carbohydrate 
transported by this channel varies largely from season to season 
and from species to species—whence the divergences in the results 
recorded. 

The examination of the evidence bearing on the path of move¬ 
ment of nitrogen and ash constitutes is similarly conducted. 
Binged branches produce small and poor shoots with few and small 
leaves. This should convince us t^t the substances imder con¬ 
sideration cannot move in the wood, but normally move in the 
phloem. We are to suppose that the observed growth, reduced 
though it be, has taken place without the addition of any nitrogen 
or ash constituents, and we are to discount such observations as 
those of Clements on the vine and other plants, where the amount 
of nitrogen and ash constituents have increased forty fold after 
ringing. Again, double ringing experiments on twigs of Ligustrum 
are quoted and it is noted that Mason and Maskell place a different 
interpretation on the same data. It may be observed that in the 
refutation of the view expressed by these latter investigators Curtis 
uses a chain of dependent probabilities which seems finally to lead 
to an indeterminate probability that nitrogen would enter the 
transpiration stream. To arrive at this conclusion Ciirtis uses, as 
in many other places in the book, a principle that the reduction of 
the carbohydrate content of a cell, or tissue, leads to its giving up 
mtrogen to surrounding tissues or solvents. Personally I am not 
acquainted with the evidence on which this principle rests. Before 
dosing his statement of the evidence that soil solutes normally 
ascend in the phloem Professor Curtis makes an arresting state¬ 
ment : “ If carbohydrates are carried almost exclusively through 
the phlcem ... it seems unlikely that the plant can have developed 
a mechanism that would carry one type of solute exclusively through 
the xylem and another through the phlcem.” This argument 
depends on so many suppressed middle terms that I confess 1 see 
little relation between the conclusion and the expressed premise. 

It is not clear how the long discussion on the reality of a diurnal 
fluctuation of nitrogen and ash constituents in the leaves was 
likely to supply evidence for or against the view that these sub¬ 
stances move upwards in the phloem. The same may be said of 
the disouttion on the relation of transpiration to solute absorption 
and we are not surprised to learn that the author hardly considers 
that these studies can offer oonoluidve proof that salts are carried 
in tke tramqnration stream. 

In afdte of the various intimations of the uncertainty of the 
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■eoond main thesis of the book, the final section of Ghapter III 
comes as a surprise. Here it is pointed out, ai^er certain preparatory 
remarks relating to the effects of the concentration of certain non¬ 
toxic soil solutions, that when nitrogen is deficient in the soil 
solution the living cells of the'root wiU retain it and prevent it 
from passing through them into the xylem ; but if nitrates and 
other nutrients are in excess in the soil, they cannot prevent the 
excess from passing into the xylem and transpiration stream (p. 79). 
Here Professor Curtis has the credit of “ inventing a formula ”, 
which, as politicians say, will be acceptable both to the advocates 
of the xylem and to those of the phloem as the normal channel of 
transport for soil solutes. With diplomatic craftiness the cells, 
and not rival physiologists, are called upon to decide when the 
solutes are in excess. Later on he amplifies this with the statement 
that there seems little doubt that if solutes get into the transpira¬ 
tion stream they will be carried with it unless removed. The final 
words of Chapter III would appear to seal the permanence of the 
reconciliation. “ Recent experiments with herbaceous plants indi¬ 
cate a secretion into the xylem by actively absorbing roots. This 
is contrary to the suggestion that living root cells would prevent 
entrance (of nitrogen and ash constituents) into the xylem ” (p. 87). 
One wonders if, after the statements made in Chapter II, sugars 
are included in these solutes. One is encouraged to think that they ‘ 
are frrom the sentence, ” the cells evidently lose carbohydrates 
which pass into the water-conducting vessels ” (p. 119). Later on 
there ate relapses from this position, as is evidenced by the state¬ 
ments : ” The finding of appreciable amounts of solutes (in the 
trachess) during the limited season of bleeding is not very strong 
evidence of transport.” “ Again the finding of inorganic cob- 
stituents and nitrogen in the tracheal sap seems a more serious 
difficulty to the acceptance of the phloem hypothesis than is that 
of finding sugar.” ‘‘ The maximum (concentration of inorganic 
solutes as shown by the) conductivity is shortJiy after fuU bloom 
(«.€. May, June, July and beginning of August). . . . Transpira- 
tiion can hardly be taking place at a very high rate at this time, 
so it is possible there is no great amount of transport ”—a truly 
marvellous conclusion. 

In the following chapter the method of movement through the 
phkem is considered and an acooimt of the views of the (fid witters 
is given. The hypothesu of Munch and its modification by Grafts 
are desoribed and criticised. 

Thmi follows a rather nebulous account of the hypotbeeis 
aooounring for tranqwrt by moving protoplasm. One cannot dis- 
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oovtse whether the stxeaming of the protoplaam is supposed to 
function as a mixing mechanism maintcuning an uniform con¬ 
centration throughout sections of the phloem, or whether the 
circulating filaments are visualised as acting like transporter-bands 
conveying solutes through the sieve-tubes and perhaps through the 
plasmodesmata. Possibly both are envisaged acting simultaneously. 
To the reviewer the most serious objections assigning a principal 
role in transport to the streaming of the protoplasm are : (1) While 
Mason and Maskell have conclusively shown by experiment for the 
first time that sucrose is chiefly transported through the sieve- 
tubes, there is no evidence that streaming occurs in the mature 
sieve-tubes. The observations of Strasburger and others that 
preparations, showing protoplasmic movement in adjacent elements, 
reveal none in the sieve-tubes negative the idea that the method 
of preparation has permanently put a normal mechanism out of 
action. (2) It has been impossible to demonstrate experimentally 
that tissues showing active streaming in their cells accelerate 
sensibly the transport of solutes. 

Finally, the suggestion of Van den Honert that transport is 
effected along the interface between the protoplasm and the 
vacuole of the sieve-tubes is described. No evidence is as yet 
apparently available for discussing this theory, which, to the 
reviewer’s mind, seems to resemble the adsorption theory of 
Mangham (1917) in so far as adsorption may be regarded as a 
surface-tension phenomenon. Schumacher’s observations on the 
transport of fluorescein are described but his opinion that its 
movement is independent of streaming protoplasm is not aoeepted. 
Cataphoresis also is discussed but Curtis’ final conclusion is: the 
j^toplasmic streaming h 3 rpotheai 8 seems at present best adapted 
to meet the requirements of taransport. 

The last chapter is a discussion of the apparent interdependence 
of the transport of solutes in the plant and the behaviour of the 
parts supplied, and an endeavour is made to evaluate the evidence 
emerging as a criterion of the various theories of the mechanism 
of motion in the phloem 
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ASTRONOMY AND METEOROLOGY 

The Binary Stara. By Robert Grant Aitken, Director of the Lick 
Observatory. Second edition. McGraw-Hill Astronomical Series. 
[Pp. xii -h 309, with 4 plates and 13 figures.] (New York and London ; 
McGraw-Hill Publishing Co., Ltd., 1935. 2Is. net.) 

The original c^dition of Dr. Aitken*« well-known book on double stars has 
long been out of print. The new edition will be welcomed not only by 
those who arc actively interested in double-star astronomy, but also by 
students of astronomy and by astronomers in general. Dr. Aitken is himself 
the foremost living observer of double stars, and the observation and study 
of double stars has been his life’s work. No one is better equipped therefore 
than he is for dealing with this subject. It is not inappropriate that almost 
his last task, before retiring from the Directorship of the Lick Observatory 
and from active observation, should have been the preparation of this new 
edition. 

This edition follows closely along the lines of the original, wliich has 
been revised throughout and amplified to take account of the extensive 
work done in the intervening period. The advance in the southern hemi^ 
sphere has been particularly striking, through the observations of Dr. van 
den Bos and Mr. Finsen at the Union Observatory, Johannesburg, and of 
Dr. Rossiter, Mr. Jessup and Mr. Donner at the Lament Observatory of the 
University of Michigan, Bloemfontein. In the northern hemisphere, Dr. 
Aitken oemtinued to observe assiduously up to the time of his rettremeni. 
The material available for a statistical study of double stars is therefore 
much more comprehensive than in 1918 and it is in the portion of the book 
which deals with the statistical data that most changes are to be foundL 

A detailed analysis of the contents is not necessary, as the book is so 
well known. After a valuable historical introduction, methods of observing 
double stars and of computing their orbits are described* Only a selection 
of the many different methods for computing orbits is given, but references 
to other mothocla are added. Bpectrosoopic and fsclipsing binary systems 
are dealt with in turn. A general discussion of the known orbits is followed 
by chcq>ter8 dealing respectively with statistical data and with the origin 
of binary stars. 

It is of interest to note that the general summary of the more important 
conclusions provided by the statistical disemssion, given on p. 273* do not 
differ essentially from those in the first edition. The work of nearly a decade 
has served but to strengthen them. Tliey lead Dr. Aitken to the same 
verdict as before : “ Wo have, apparently, one unbroken progression of series 
of orbits from systems in which the two components revolve in a fracl^en of 
a day in circular orbits and practically in surface contact, to systems in 
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which the oomponesitB, Heparated by one, two, or many hundreds of times 
tiie distancso from the Earth to the Sun, revolve in highly elliptic orbits in 
periods of hundreds and ovcsn of thousands of years.’* 

Dr. Aitken therefore rejects the oonoluHions of Jeans and others that 
binary systoms with jjeriodH of loss than about 65 days were formed by the 
fission of a single star, but tliat systems with longer periods must have been 
formed by some different process or prooossos. His final conclusion is that 
“ although the observational data that have bfxjn accumulated clearly 
indicate the common origin of the binary stars, no theory of that origin 
and of the subsequent development of the observed s 3 r 8 teixiH that lias so far 
be(5n fonnulatod can bo rogardiHl as satisfactory.” Hero is a problem of the 
first importance for cosmologiste to make a fresh attempt to solve. 

The two tables at the end of the volume, containing the olements of orbits 
of visual and spectroHoopic binary stars, are of great value for reference 
purposes, the more so as the authority for the elements for each star is 
givesn. 

A few errors have been noted. There are obvious errors in th<« equations 
at the top of p. 92 and near the bottom of p. 198. In the first line of 
Table 3, p. 207, the average })eriod should bt? 2-736 days. 

H. S. J. 

Through My Telescope. By W. T. Hay, F.R.A.H. [Pp. xiii -f- 128, 
with 7 plates and 17 figuros.] (London: Jolm Murray, 1935. 
3s. 6d. net.) 

Mn. Wiix Hay has earned a wide reputation on the variety stage for his 
originality as a pedagogic humorist, but to a more select circle he is well 
known as an enthusiastic and successful amateur astronomer. This little 
book is intended to server as an introduction and guide for the beginner who 
wishes actually to observi^ some of the wond<?r8 of the heavens, and is not 
content merely to read about thorn. In twelve short chapters the author 
deals completely and concisely with the various bodies in the solar system; 
the stars and nebulee are trcveited more brii^fiy, and the reader is also intro¬ 
duced in a clear and ititelligible fashion to the ek>menta of spectroscopy. 
Mr. Hay’s experience as a prootiscKl observer adds considerably to the interest 
and value of thcj book ; he tells of what he himself has seem and of what 
his readers may expect to «w, and ho concludes with a chapter of useful 
hints on the use of a telescope. 

R. W. W. 

Tlirough the Weathar Huuaa, or iha Wind, the Hein and Six 
Hundred Miles Above. By B. A. Watson Watt. [Pp. xi -f 192, 
with 8 plates.] (lA>ndon j Peter Davies, Ltd., 1935. 7«. 6d. not.) 

Thb ” weather house ” of the title is the atmosphere, which the author 
describes as made up of an indefinite number of stories, each about 19 
kilometres in height. Ur. Watt has set out to describe in simple terms 
the happenings in the atmosphere, from the weatliar which develops in the 
ground floor of his weather house, up to the Keimelty-Heaviside and Appleton 
layers, at heights of about 100 and 225 kilometres respectively, whioh take 
part in the transnikaion of wireless waves. 

As is perhaps natural for a radio expert, the author approaches the 
phenomena of radiation and absorption from the standpoint of a com* 
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parigcm with wirelecss, and he suooeeds In giving an aeooimt of theae pha* 
nomena which is clear and on the whole accurate. The best part of the 
book is that which deals with radio transmission and with the manifestations 
of electricity in the atmosphere, whore the author^s command of his subject 
has enabled him to give the essentials in very few words. 

The cliapters which detil with the weather as we normally understand 
that word give an account of the organisation which is required for the 
making and collection of the ob6er\»ation8 on which the forecasting of weather 
is bas^, and a brief account of the post-war conceptions of depressions. 
These chapters are very clear and give an excellent critical account of the 
present status of meteorology. 

The readers of this book will learn some of the most important facts 
of the weather, and will further acquire an understanding of the difficulties 
with which the meteorologist is faced. The book owes its origin to a series 
of talks on weather given by Mr. Watt in the National programme of the 
B.B.C. during the year 1934. The picturesquenoss which is perhaps an 
aid to the broadcaster is not always an aid to the writer, and the author is 
to be congratulated on the extent to which he has managed to overcome 
this handicap. 

D. B. 


PHYSICS 

Iniermadiate Physics. By C. J. Sacitk, PhD., M.Sc., A.R.C.S. Second 
edition. [Pp. xii -f 900, with 655 flgurtw.] (London: Edward 
Arnold & Co., 1935. 16s. net.) 

The first edition of this book was published in 1932 and it was so well 
received the publishers had to reprint in 1933 and again in 1934. In the new 
edition considerable portions have been rewritten and new matter added. 
Chapters on Heat have been revised, the subjfjcts of Interference, Diffiraction 
and Polarisation have boon more fully treated and a short section on Super- 
sonics has been added to the Acoustics. The main change is in the Magnetism 
and Electricity, the treatment of which in the first edition was somewhat 
limited. This part has boon con^letely rewritten and now more than satis¬ 
fies the requirements of the various Higher School Certificate examinations 
and first year University Courses. 

It is refreshing to meet with a text-book which is not a hash of its 
predecessors. Dr. Smith has provided fresh food and he has served it Up 
excellently. The diagrams are clearly drawn and there are nttmerous 
exercises at the end of each chapter with answers at the end of the book. 

It is not a little surprising in these days of quanta that modem text-books 
continue to cling without question to the time-honoured objection to New¬ 
ton’s corpuscular theory of light. While experiment proves tliat the velocity 
of the wavefront diminishes in an optically denser medium^ the oorpuscuto 
theory demands an increase in the matnerUum of the corpuscle. The two 
theories are not inconsistent if the momentum of the corpuscle is inversely 
proportional to the velocity of the wavefront. The oorpusole might he 
identified with the quantum in which case its momentum is the ratio of 
Planck’s constant to the wavelength of the radiation. This merely moans 
that the velocity of the wavefront is not the velocity of the oorpusole. 

There are few errors and omissions. On p. 819, lino 32, ** Pig. 16.11 ** 
should be “Fig. 16.13.” On p. 350, “A laige dish A, Fig. lS,9”-^lia 
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A ** diom not oppw in the %ura. “ Eeoeivor R ** an p. 026, lino 3» ehonld 
be ** Reoeiver Tg ” and R ** in lino 9 ehould be “ T* ’* to agree with Fig* 
81.11* 


The new edition ie available in five eeparate parte varying in prioe from 
2e. (Aooustioe) to 6e. (Magnetiem and Eieotrioity). 


G. W. T. 


Sound. A Physical Taxi Book. By E. G. Richajidson* B.A.» Ph.D., 
D.8c. Second edition. [Pp. vii 4- 319, with 111 figuree.] (London t 
Edward Arnold & Co., 1936. 16#. net.) 

Many will be familiar already with Riohardeon^e Sounds first published in 
1927, but, for the benefit of those who are not, we may give some idea of the 
range of its text by stating that, while assuming a standard of knowledge 
of physics and mathematics up to ** IntermfMiiate,** the book aims at covering 
the requirements of the Universities final examinations, besides attempting 
to meet the needs of research workers and technicians. Not the least useful 
feature of the bcH>k was the inclusion of references to all complete papers 
of the two preceding decades. With the advent of the second ^ition these 
features are naturally continued and brought up to date, although, with 
the marker:! advance in applied acotustics, to record a complete bibliography 
is becoming increasingly difficult. 

A survey of the new edition reveals a number of minor improvements 
distributed throughout the volume, together with a major chu^e in the 
addition of three new chapters, viz, Supersonios, Acoustical Impecianoe and 
the Reproduction of Soimd. All of these subjects are of increasing importance 
and ooiT<«pondingly more space has been devoted to their consideration. 

Probably no book will ever he entirely free from criticism, so that any 
offered hero should be interpreted as constructive for a future edition. In 
this light oorrootions should be) applied to the value velocity of sound in sea 
water (p. 83) and to the circuit on p. 247, whilst the ordinates of the curves 
on p. 61 are, of course, R/Rmax. Again there are just one or two places 
where a greater clarity of description would bo welcomed, e,g, the super* 
position of two stationary vibrations (p. 43) and the direction finding at sea 
by a single microphone (p. 801) where the ** light body '* hydrophone and 
the more familiar diaphragm hydrophone appear confused. 

Throughout the work Richardson loses no opportunity of applying 
acoustical theory to musical instruments. The present edition can be 
recommended as extremely useful alike to stud^ts and research workers. 

R. E. a. 

A Symposium on niuminatioa. Edited by C. J. Wnbbbb GansvBsoN, 
B.Sc., M.A. (Oxon.). With a foreword by Libut.-Ool. Kjbnblm 
EnocUMBK, M.Inst.C.E., M.I.E.E. [Pp. xv -f 229, with 109 figures, 
including 20 plates.] (London: Chapman A Hall, Ltd., 1985. 
13s. fid. net.) 

TitiB subjects covered in this publication of lectures by nine specialists in 
different branches of the illununation art range from photometry, the physios 
of radiaiicm and the teolmical details of gas and electric lamps to the relation 
between lighting and health and efficiency, the use of light in interior 
decoration and the organisation of municipal street lighting. The book 
aims at giving the reader an account of the principles of modem lighting 
irtiioh shall be neither too technical nor yet too elementary. On the whole 
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it suooaeda remarkably well in thia and the reault i» a stimulatixig text for the 
iUuminatiiig engineer or in fact for anyone with some scientiflo knowledge 
who is interested in lights and lighting. The moat satisiaotory ohaptere 
are those in which tlie contributor has had to deal with a oomparatively 
limited topic such as the redistribution of light by mocms of redecting and 
refracting equipment (O. H. Wilson^, characteristics of electric diament 
lamps (W. J. Jones), daylight and artificial daylight (J, W. T. Walsh). 
Where a wider field has hod to be covered the re^t is not always so good. 
The treatment of photometric standards, lamp photometry and illumination 
measurements (J. T. MacGregor-Morris) suffers from an excess of detail on 
some points and superficiality on others. The space allotted to barretter 
control, for example, might well have been devoted to a fuller description 
of flicker photometry including a statement of the conditions under which 
direct comparison and flicker photometry give the same results. The 
chapter on lighting for decoration and entertainment (A. B. Read) is admirably 
illustrated with photograplis which show wliat has already been accomplished 
in this direction and the text ouilinos fasoinating future developments, but 
a discussion in fair detail of two or three examples of decorative lighting 
pointing out the? principles which guide architects in their use of light would 
have given the treatment of this subject a more cx>ncrete turn. The book 
conchies with an excellent chapter on lighting for safety, health and welfare 
(H. C. Weston). Evidence from statistics and from special exporimenta is 
assembled to show how much is to bo gainiMl by adequate lighting; the con¬ 
clusions drawn have been carefully framcKl and are commondably moderate. 

The production and editing of the book leave nothing to be desired. A 
good index is includeci. 

W, S. S. 

The Kinetic Theory of Gaeee. By Leonard B. Loeb. Second Edi¬ 
tion. [Pp. XX -f 687, with 85 figures.] (Now York and London: 
McGraw-Hill Book Co., Inc., 1934. 86i. net.) 

The first edition of this excellent and well-known book earned for its author 
the gratitude of many who drew upon the information it provided in so 
practical and convenient a form. Much effort must liavo gone into the 
preparation of tliis new edition, and the result will certainly be widely 
appreciated. In the seven years since the first edition appeared quantum 
mechanics lias altered the treatment of molecular probloms, and oonsidemble 
changes have been made in the book in places where the discussion conomis 
the internal properties of molecules and specific heats. On the whole, 
however, the book remains essentially a text-book on the kinetic theory of 
gases from the classical standpoint, and the additions are from the point of 
view of quantum theory rather than quantum mechanics. The sections on 
Debye’s dielectric theory and on equations of state have been considerably 
extcoided, and will be found useful by advanced students. The outs t a nding 
chamoteristic of the book is, as much as in the first editiom the sstteotlon 
paid to experimental verification of the predictions of the fcinetio thoctty. 
An unusual feature is the prominence given to the conductiem of ekictrioitS^ 
in gases, to which nearly 100 pages are devoted ; the author’s special knoar- 
led^ of this field makes this a welcome extension of material. A vi«y iisaftll 
Table of Fundamental Physical Constants has been inohided among the 
appendices. 
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The book i» oleiMrly printed, and relatively free from printer's errors in 
the text and formula, (The term Jacobean transformation which appears 
in one or two places seems unusual; there are errors of wording or minqprinta 
In symbols on pages 98, 471, 481 and 482; on page S05 the angle of the 
water molecule is stated to be 64° instead of 105°.) 

These are certainly diffloult days for a comprehensive book on the kinetic 
theory of gases, and it is hard to avoid speculating whether this one will 
not be the last to be written predominantly from the classical point of view; 
be this as it may, the present volume can be very heartily recommended. 

B. T. 


damontary Quantum Machanica, By R. W. OtmimY, M.A., Ph.D. 

[Pp. vi -f 160, with 67 figures.] (Cambridge: at the Univerwity 

Press, 1984. 8s. 6<i. not.) 

Thx most distinctive feature of this book is the treatment of the subject 
by graphical methods, with special consideration for the outlook of the 
experimental physicist. After an introduction to the subject the wave 
equation and the uncertainty principle are treated, with applioationa to simple 
problems. The properties of molecules and problems of valency are specifi^y 
oonsidered, and there is a discussion of crystals, insulators and oonduotors, 
and perturbation tlioory, with a minimum of mathematical symbolism. 
The l^k is, in a sense, supplementary to Mott’s OuUine of Wave Mechanics t 
it scarcely touches, for instance, tlie question of electron diffraction. The 
book is clearly and accurately written, and should serve a very useful purpose. 
It is not a mere oolleotion of material paraphrased from other books on 
quantum mechanics, as most elementary books on hackneyed subjects tend 
to be. It may be specially recommended to the expcnimentalist either as a 
suEleient treatment of a certain aspect of the subject or as a very good 
introduction to more comprehensive and detailed work. We regret that the 
author iises the moribund Angatrdm Unit ” instead of ” angstrom," thus 
incurring additional cost in printing, inviting sarcastic references to the 
" Volta Unit *’ of E.M.F* and betraying lack of acquaintance with modem 
speotrosoopio literature. This, however, is a small blot from the reader's 
point of view : we mention it because it is so easily corrected. 

H. B. 


Thm of tlie Atom* By H. A. Wxtsoif, M.A., M.8c., F.R.S. 

[Pp. X -f 146, with 40 figures.] (New York: D, van Nostrand €o., 

Ino.: London: Chapman A Hall» Ltd.» 1984. Ids. 6d. net.) 

Tbs putpose of this book is to give a plain account of the rise of the ii8w 
ideas and the new facts in physics, without teohnioal detailB. There are, 
however, several appendices which are slightly more teohnioal than the 
main body of the text. Most of the book, naturally, is concerned with 
mimrosociiiio physios, but a little space is reserved at the end for a brief 
account of relativity. The book is well written and well produced, but, 
considering this inhetwat difflcuHy of the subjects, the treatment appears too 
brief for the understanding Of the persema for whom, by implication, it ia 
intended* Purhaps the title provides the reason for this, for oertainty the 
reader will be left with the fhefing tiiat physios is in a nice mess, and no 
hope of eseaiie is oflsred eucept some hypothetical " reality " which, it seems, 
will be emeedinii^ diilcitlt to grasp. The wisdom of producing such books 
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as this seems very doubtful. Sentemoe by sentence the text could probably 
be justified, but the general impression is far too vague. In partioular» the 
references to human free will—which, from its prominence in the Preface and 
the Ckmolusion, one must assume to be regarded by the author as an important 
aspect of modem physios—are very imsatisfaotory. It is certainly not true 
that the later developments of Newtonian mechanics ** led to determinism 
in philosophy ” : it was there long before. And when we read that now 
th^ is a possibility of free will without any violation of natural law, and 
that the only answer to the question “ What decides what will happen T 
is that we do not know unless the brain is controlled by spiritual ibrces or 
qualities, not usually included in the physicist’s scheme —wo are inclined to 
ask when the physicist’s scheme ever contained any forces or qualities which 
would “ control ” even the motion of a fly. But these ideas are very 
popular just now, and perhaps someone will feel better for them : only they 
come strangely fix)m an intelligent ph 3 r 8 icist. 

H. D. 


Elactron Ezniaalon and Adsorption Phenomena. By J. H. ox 

Boxa. Translated from the manuscript by Mbs. H. E. Txvxs-Aciiir. 

The Cambridge Series of Physical Chemistry. [Pp. xi -f 898, with 

160 figures.] (Cambridge : at the University Press, 1935. 2is. net.) 

Thxs book covers a wide range of subjects, all of which have advanced 
rapidly in recent years and to most of which the author has made notable 
contributions. It opens with a concise but balanced account of the various 
kinds of electron emission from metals. This is followed by a chapter on 
the nature of adsorption forces. The thermionic, photoelectric and other 
properties of surfaces of adsorbed electropositive metals and gases on various 
metals are then dealt with. The next chapters describe the absoiption of 
light by matter in the gaseous and adsorbed states and the selective photo* 
electric effect. This is followed by an account of the photoelectric properties! 
electronic conduction and related phenomena in the lattices of alkali halides 
containing adsorbed alkali metal atoms and in other lattices. The con* 
eluding chapters deal with photoelectric cathodes with thick intennadiate 
layers consisting of a dielectric and metal particles, thermionic emission of 
cathodes with a dielectric, and oxide*ooated cathodes, and the emission of 
electrons into intermediate layers of dielectrics and into blocking layers. 

Many readers will probably have difficulties with the author’s treatment 
of the selective photoelectric ^ect. He appears to restrict this term to the 
violently selective effects caused by the presence of adsorbed substances. 
In the literature it is generally used in a wider sense as embraoing any photo* 
electric effect which exhibits a maximum in the yield frequency curve. As 
the photoelectric effect from uncontaminated metals has also been found to 
have the property in the cases where it has been sufficiently investigated 
the nomenclature in general usage is clearly an unforttinate one. It may be 
that it would be better to make the term selective define the nature of the 
surface rather than that of the photoelectric effect which is virtually what 
the author does, but in any event the situation calls for a fuller exfdanation. 

In general the subject-matter is presented in a very attractive manner. 
It is a very valuable compilation of a mass of interxelat^ information wbfoh 
has bitheri^ been scattered over a wide literature sad ccxnsequently mtber 
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inaooeMible. It will be very welcome to a wide circle of scientiste, par« 
tioularly phyeiciste, ohemista and engmeers* and the connected account which 
it contains of the author’s own views will no doubt be much appreciated by 
his co-workers in the same fields. 

O. W. R. 


X-Hays in Theory and Expariznant. By Abthue H. Compton, Ph:D., 
Sc.D., LL.D., and Samuel K. Allison, Ph.D. (Pp. xiv -f 828, with 
281 figures.] (London : Macmillan A Co., Ltd., 1935. 31s. 6d. net.) 

This book has bc^n planned to serve oa a second edition of Prof. A. H. 
Compton’s well-known work. X-rays and Electrons, and a comparison of the 
two books gives a vivid idea of the progress of physics in the domain with 
which they deal during the past ten years. The first book was published in 
1926, just too early to bo infiuenced by the new outlook on atomic physios 
which we owe to the newer quantum theory, and, like all writings of the 
period, it shows traces of the conflict of thought due to the apparently com¬ 
plete contradiction between the older quantum theory and the classical 
theory. A great mass of experimental facts liad shown that the methods of 
classical wave-optics gave a good and even a fairly quantitative account of 
many of the phenomena of X-rays ; but there wore others, for example the 
incoherent scattering of radiation, than only recently discovered by Prof. 
Compton himself, which seemed imperatively to demand a quantum explana¬ 
tion, and which could not be brought into any classical scheme. The unifica¬ 
tion of the two points of view into one theory which, if it does not explain 
in any mechanistic sense, at least tells us when we are to use one and when 
the other, is apparent in the present volume. Prof. Compton has enlisted 
the services of an able collaborator. Prof. 8. K. Allison of Chicago, who has, 
aoooxding to the preface, been responsible for the greater part of the writing, 
and the authors are to be congratulated on a book which cannot fail to be 
of the greatest service to all workers on X-mys. Many of the topics dealt 
with receive for the first time an adequate treatment within tlio compass 
of a single text-book. There are, for example, excellent sections on the 
scattering of X-rays by gases, liquids and solids, the dispersion of X-rays, 
which is treated at considerable length, and on absorption. There is an 
interesting critical discussion of the value of e, with which the absolute values 
of wave-lengths as determined by crystal gratings are so closely bound up. 
The authors do not, however, ccane to any definite conclusion concerning the 
ocmfiicting values of wave-lengths given by crystal measurements, and by 
measurements using ruled gratings. 

One cannot help being struck by the large amount of space that it has 
been found necessary to devote, even in a work hke the present one, which 
deals with the general subject of X-rays, to the difhraotion of X-rays by 
crystals. Chapters V and VI are concerned with this subject akme, and it 
appears directly or indirectly in mudi of the rest of the book, which contains, 
for example, a long section on the use of the double-crystal X-ray speotro- 
meter, with the development of which Prof. Allison himself has had much 
to do. 

The exposition throughout is clear, and has a freshness to be expected 
fiNim writers who have thinnselves contributed largely to the subjects dis- 
eussed, elthough, in a work of such compass, it is not to be expected that the 
individual reader will at ell points agree that the treatment is the best possible* 
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lliere soems at times a slight lack of co-ordination between dififerent sections. 
For example, the method of radial Fourier analysis is, in effect, introduced 
twice, quite independently, once in discussing the scattering of radiation by 
gases, and once in discussing scattering by crystals; and in neither case, or 
so it seems to the reviewer, is quite enough emphasis given to the very 
dangerous nature of the radial Fourier series, which is especially liable to 
give false detail, and which require^ the use of extrapolated scattering curves* 
In comparison with the general excellence of the book, such points are, 
however, small ones, and the authors deserve the thanks of all workers in 
the subject. 

R, W. jASfES. 


Fine Structure in Ldne Spectra and Nuclear Spin. By S. Touik- 
SKY, Ph.D., D.I.C., A.Inst.P. [Pp. viii 4- 112, with 24 figures.] 
(London; Methuen & Co., Ltd., 1936. 3s. net.) 

This is one of Messrs. Methuen’s well-known series of small monographs 
on physical subjects. It stands somewhat apart from most of the others, 
which are suitable for use by honours degree students s|>ooialising in physios, 
for it assiimos a degree of familiarity with the notation and results of atomic 
spectroscopy which few such students are likely to possess. However, it is 
admirably suited to the requirements of the post-graduate student, particu¬ 
larly, of course, if ho is undertaking spectroscopic research, of whatever 
character. The subject is both new and rapidly advancing, and there was 
a real need for such a general survey of its principles and present positiem. 
The volume under notice meets the need very satisfactorily, especially 
considering its modest size and price. Tlie former limitation would have 
been less severe had it not been necessauy to devote nearly the first third 
of the book to an account of multiplet structure, thus seriously curtailing 
the space available for the discussion of fine struottire proper. This is 
probably justifiable, since there is no such account elsewhere in this aeries, 
and there is no doubt that many readers will find it extremely useful. The 
manner in which nuclear spin gives rise to fine structure is then explained, 
for one-electron spectra in the first instance and subsequently, using the 
vector method, for many-electron spectra. The next two chapters deal with 
the analysis of fine structure patterns ; the essential facts ooncoming intensi¬ 
ties and term intervals are clearly presented, and the Fisher-Goudsmit 
graphical method is explained. The subject of isotope effects is then taken 
up in some detail, and is followed by a chapter on perturbations. These two 
chapters are particularly valuable, since both topics, although of considerable 
importance, have been rather inadequately treated in previous works. Tf»e 
table of nuclear spins, which forms the substance of Chapter X, is a very 
useful compilation, especially in view of the fact that by no means all of the 
published values are reliable, and the author has exercised a judicious 
discrimination which would be difficult for anyone without considerable 
experience of work in this field. Chapters XI and XII ore devoted to 
nuclear magnetic moments and theories of nuclear spin. The former might 
well have been expanded a little at the expense of the latter. 

The earliest opportunity should be taken of correcting a few grammatical 
and other slips which are to be found here and there. For example (p. 10), 
In the two oozxqKinents of a doublet term that with the smaller y Has deepest, 
and such a spectrum is called a normal spectrum.” Again (p. 90), ” Mole* 
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oular hydrogen exiets in two states, para and ortho, in one of which the 
eleetron spins oppose and in the other assist.’* The column labelled ** spin ** 
in Table XII contains no entries, and on p. 49 it does not appear necessary 
to invoke the properties of vectors and then spend three lines in proving 
an obvious identity. 

Apart from such minor blemishes the book is well up to the general 
standard of the series, to which it forms an important addition. 

W. E. C. 


Introduction to Electric Transients. By E. B. Kttbtz, Ph.D., and 
Q. F. CoKCOBAN, M.S. fPp. xvi -f 335, with 194 %ures.] (New 
York : John Wiloy & Sons, Inc.; London : Chapman & Hall, Ltd., 
1935. 22s, 6d. net.) 

The subject of this book is one that does not readily lend itself to simple 
treatment, and the authors are to be congratulated on having given an 
excellent account of the basic principles involved without going beyond the 
mathematical attainment of the ordinary degree student. The presentation 
is logical €md systematic, each type of transient being considered in turn 
under the headings (i) physical considerations, (ii) mathematical analysis, 
and (iii) oscillographic verification. The mathematical investigations are 
preceded by an effort to establish in the reader’s mind a physical conception 
of the problem under discussion and followed by a series of most instructive 
oscillograms to demonstrate the truth of the analysis. 

Although the treatment is for the most part of a general nature it is 
designed particularly for application to comparatively low frequency systems. 
Circuits in which a largo proportion of the energy is dissipated by radiation 
are not specifically included. 

The book is divided into two sections. Part I, which deals with what are 
called direct current transients, is concerned with circuits energised by steady 
potential differences, whilst in Part II the corresponding conditions produced 
by alternating potential differences are discussed. In both cases the simple 
inductance circuit is considered first. Tliis is followed by a similar investiga* 
tion of the simple capacitance circuit and thence the authors proceed to 
complex series networks of various kinds. Special attention is given to the 
boundary conditions and the changes accompanying a sudden alteration in 
the circuit parameters. Networks of series—parallel arrangement and others 
incorporating mutual inductanoe—are treated in much the same way. 
Simple differential equations sufilce in practically all cases to express the 
relationships between the quantities of interest and the solutions to these 
equations are easily derived. For those who have any difficulty in following 
the mathematios a very useful appendix if^ provided. Herein the differential 
equations of the elementary circuit theory are discussed at some length. 
The more ambitious student will also find some valuable hints on the applioa^ 
tion of Heaviside’s operational calculus, the Graeffe method of solving 
algebraic equations and on the use of exponential and hyperbolic ibnetiona. 

The book, incorporating as it does a large number of practical numerical 
examples and oscillographic records, will undoubtedly appeal to all students 
of engineering interested in electric transients. They will find the informa¬ 
tion which they seek readily accessible and comparatively easily assimilated* 

H. M. BahKiOW* 
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Bltotrioal Water Heating * With Special Belerenoe to the Domeetio 
Storage Heater. By D. J. BoiiTOK, M.Sc„ M.I.E.E., Paixir C. 
Hoksy and N. 8 . Richardson. [Pp. viii -f- 192, with 06 figures.] 
(London: Chapman & Hall, Ltd., 1935. 7s. 6d. net.) 

A CONSTANT supply of hot water is an item of interest to every householder, 
and it is not surprising to find that many who are infiioted with antiquated 
and inefficient heaters are now oontomplating a change to the simplicity 
and cleanliness of electricity. For such, the volume under review will 
provide much valuable information; it will, moreover, materially cuasist the 
contractor who deals with the installation, and it even throws out hints to 
electric supply corporations on the desirability of reducing their charges. 

The first chapter deals with heating systems in general, and it is imfor- 
tunate that the authors, in their enthusiasm for electricity, adopt a line of 
argument which is fundamentally unsound. This is the comparison of an 
up>to*date, well-installed and carefully used electric system with existing 
gas and solid fuel systems which are unfortunately only too frequently 
defective. Few manufacturers of solid fuel heaters would agree, as stated 
on p. 6, that the minimum rate of burning may be only one-half the maximum, 
while the comparison, from the point of view of atmospheric pollution, of 
electricity with a gas heater with no fiue is manifestly imfair* On the 
ground that calculations of cost may be misleading, none at all is given : a 
vague statement that electricity at |d, to is likely to be competitive with 
gas and coke is not sufficient for a householder anxious to improve his service. 

Owing to price-cutting, it is undoubtedly true that many solid fuel 
water-heaters leave much to be desired, but there are signs that manu¬ 
facturers are now making rapid development and, within a year or two, 
really efficient self-regulating heaters will be available. If these are con¬ 
nect^ to well-designed pipe and storage systems, a possibility apparently^ 
not contemplated by the authors, the cost factor is bound to be greatly in 
favour of solid fuel. In a future edition, the authors would do well to face 
this fact squarely and to set off against the increased cost the undoubted 
advantages of electricity in other directions. 

The rest of the book abounds with miscellaneous information clearly set 
out and well illustrated with numerous diagrams. Much of the subject 
matter refers to hot-water systems in general and is worthy of study by all 
suppliers and users of this valuable commodity. 

H. E. Watbon. 

Earthquakes and Mountaina, By Harold Jofthrys, M.A., D.Sc., 
r.R.8. [pp. X -f 183, with 6 plates and 9 maps and diagrams*] 
(London: Methuen <k Co., Ltd., 1936. 7s. fid. net.) 

In this book Dr. Jeffreys covers a wider field than the title would lead one 
to suppose, for he includes chapters on such subjects as radio-activity and 
the earth’s history, the bodily tide and tidal friction. By so doing, however, 
he presents a much more interesting aoooimt of earthquakes and nunintatns 
than would otherwise be po88ible--an account which gives the reader a very 
clear picture showing how these phenomena are related to the phyaioal 
properties of the earth. The book is, to a large extant, a simplified vsrsioii 
of hk well-known treatise The Earthy but it includes much information 
about work which has been done since the publioation of the larger book. 
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There ia, for exftmplet an account of recent observations of gravity anomalies« 
and their bearing on the theory of isostasy, and a very good discussion of 
the newer theories of the origin of the continents, but Wegener’s hypothesis 
of continental drift is dismissed in very few words. The application of 
knowledge gained in other branches of soientiBo work to the study of the 
earth should interest many people who are not actively engaged in geophysics 
or geology ; wo learn, for example, how the results of the X-ray analysis of 
crystal structure have been applied in an attempt to explain the concentration 
of the radio-active elements in the upper layers of the earth. Althoxigh the 
aim of the book is to provide an accoimt of the physics of the earth, much 
attention has been given by the author to the geological aspects of the subject. 
The arguments given in the book are set out in general terms so that they 
can be easily followed by non-mathematical readers. The book is highly 
recommended to all who are interested in the constitution and history of 
our planet. 

F. J. S. 


Modern Surveying lor Civil Engineers. By HAnoLo Frank Bibchal, 
O.B.E., D.F.C. [Pp. xii -f 524, with 14 folding plates and 282 
figures, including 12 plates.] (London : Chapman & Hall, Ltd., 1935. 
25s. net.) 

The author, in his preface and introductory remarks, states, as his opinion, 
that much of the advanced theory of svirveying os taught in our Universities 
and other Colleges, is of little practical use to a Civil Engineer. 

His aim has been, therefore, to present only that information on surveying 
which is likely to be of direct use; and the higher work involved in geodetic 
surveying, and in the taking of astronomical observations, has been inten¬ 
tionally omitted. 

It appears to the reviewer that much of the fimdamental theory is not 
dealt with as fully as is desirable for a student and that probably the book 
will prove of most service to the young engineer who has had a preliminary 
grounding in theory, and a certain amount of practical experience. 

To such a reader, the treatise could not fail to be of real value ; his 
outlook would most certainly be widened, and he would appreciate, in 
proper perspective, the part played by the surveyor in engineering pro¬ 
jects. 

The author is evidently an engineer first; and the work of the surveyor 
is judged, in this treatise, quite rightly, by the manner in which it assists 
in the execution of the engineering works. Emphasis is laid on questions 
of costs, time, and the provision of just the data required : modem instru¬ 
ments, including many of those of a specialised character, are appre¬ 
ciated and described. 

The publishers are to be complimented upon the production of the book ; 
it is well printed, and many of the illustrations are executed upon a surfaced 
paper which renders the details very clearly. 

A feature of the book is the inclusion of a number of folding plates, 
illustrative of the part played by the surveyor in the preparation of initial 
schemes, or in the setting out of engineering works, most of the examples 
being fmm schemes carried out in Afnoa. 

These plates; descriptions of survey or setting^out operations on actual 



SOIENOB PBOOBSSS 


744 

aoheKnes; extracts lh>m reports and field notes; and accounts of field orgaiiiaa^ 
tion, render the book so valuable that few practising engineers could teal to 
learn from it. 

The reviewer found the book most readable and interesting, and ha 
much appreciated it. 

W, N, T- 


Practical Solution ol Torsional Vibration Problems • By W. 

Kxb Wilson, M.So. [Pp. xviii + 438, with frontispiece and 106 

figures.] (London : Chapman & Hall, Ltd., 1935. 25s. net.) 

This is outstandingly a book for practical men in the higher—^not the ordinary 
—sense of the term : for men who aj^reciate the services that theory can 
render in practical life and are prepared to undertake the hard work involved 
in its application. It is an excellent work for the attention of serious students 
of mech^caJ engineering, and all the more so because the problem of torsional 
vibration stands directly in front of further teolmical progress and admits 
of reliable theoretical and experimental investigation illustrating many 
branches of Mechanics. 

A brief but sufficient first chapter outlines the main features of the 
problem and explains how, for convenience of treatment, the complexities 
of actual engines, shafts and loads are replaced by simpler ** equivalent *’ 
cisterns. It is in this early stage of the problem that many other treatments 
have fallen short of their objectives : the systems adopted as ** equivalent ** 
have been either too simple to be reliable or too complex to admit of full 
analysis. The author adopts and gives a very lucid account of methods 
that should meet almost any practical case and are as simple and effective 
as appear to be possible. Almost identical methods, only very slightly 
more complex, have been used during a number of years by the present 
reviewer ; and in the light of this experience it is believed that the author's 
methods of calculating natural frequencies are reliable and, probably, preto- 
able. It seems unfortunate, however, that the author follows current 
practice in plotting only amplitude of vibration along the lengths of the 
shafts in question; much may be gained by plotting also torque or, alter* 
natively, the stress induced by the vibration. 

The stresses induced by non-resonant and by resonant vibrations reepeo* 
tively are studied separately in the fourth and fifth chapters; and this is a 
wise arrangement as the stresses at non-resonant speeds are in some respects 
more important and in all rmpeoUi more reliably calculable. At resonant 
speeds, the stresses are governed by damping—^whioh offers a group of 
problems of great difficulty. A later chapter gives a valuable aoootint of 
different artificial methods of damping. 

Chapter 6 deals with the measurement of torsional vibration and with 
the analysis of measurements; and an appendix gives detailed assistance 
m harmonic analysis. Chapter 8 is devoted to problems that arise whan 
engines are coupled to electrical machinery. 

The whole volume is eminently practical in its outlook, and it would be 
hard to write an exposition of the fundamental theory clearer than that 
provided m the solution of practical problems covering tlie wide field of 
experience. 


B. P. SL 
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CanSMXSTRY 

Inorganic and Thaoratical Chamiatry. By F. Shkewood Tayloii, 
Ph.D., M.A.* B.So. Thwd edition. [Pp. xiv 4- 882, with 19 plates, 
200 figures and 2 maps.] (London : William Heinemann, Ltd.» 1035. 
12s. 6d.) 

This is the third edition of Dr. Sherwood Taylor’s text-book which was 
first published in 1031. The book oontaina two concurrent oourses of reading: 
the matter in larger type is suitable for the first year or eighteen months 
study after Matriculation ; the matter in smaller type, which is supplementary 
to this, will carry the student through his second year at the University. 
The first eight chapters of the book deal with fundamental chemical principle 
and such physical chemistry as the student requires for an inorganic course, 
the remaining eighteen chapters are arranged in accordance with the Periodic 
Table. The author has, within the limits imposed by his syllabus, produced 
a very completo, readable and up-to-date text-book, and the 8vo pages permit 
of a pleasing presentation of the text, the only adverse criticism being that 
electronic formulsa suffer somewhat in clarity when included in the smaller 
type. Very few misprints occur; the formulae BiOCl (p. 239), HiSiF^ 
(p. 463), SnH 4 (p. 468) need correcting ; the colours of the manganese bead 
in the oxidising and reducing flame (p. 380) ought to be reversed, and the 
cerium atom (At. No. 58) contains 69 electrons (p. 396). The choice of text¬ 
books on inorganic chemistry is now very wide, but the student requiring 
a good intermediate book will not regret selecting Sherwood Taylor. The 
binding is very good and the price moderate. 

J. N. S. 

The Fundamentals ol Chemical Thermodsmamioe. Part X: 
Elementary Theory and Electrochemistry. By J. A. V. Bur- 
UBK, D.Sc. Second edition. [Pp, xv -f 263, with 66 figures.] (Lon¬ 
don : Macmillan A Co., Ltd., 1936. 7s. 6d.) 

Thb new edition ^ of this well-known text-book will arouse much interest 
and without doubt will increase its popularity. For whilst the elementary 
thermod 3 mamioal framework remains essentially unaltered, the chaptaw 
have been revised and thoiightfully re-arranged to a greater or less extent, 
and aU the additional material is important. There is something here for 
everyone. The inorganic chemist is treated to an exceptionally lucid and 
up-to-date account of moat of the vital aspects of electrochemistry which 
ihe intelligent study of his subject, not to mention research, nowadays 
demands, and which the AverAgo text-book of physical chemistry fidls to 
supply. The new chapter on Oxidation Potentials (a relatively insignificant 
section in the first edition) will appeal to the student of biology, thou^ 
doubtless he will continue to use the more aoourate term ’’Oxidation* 
Beducticn Potentials ” to which he is accustomed and for the popularising 
of which biologists are largely responsible. The aignifioanoe of the quantity 
Ea, which has attained a status equal to that of pH in the life-sciences, is 
clearly explained, together with the methods of measumnent. The glass 


^ The first edition was reviewed for Soubkob Peoobbss (1929, 24 , 150) 
by Br« B, K. Schofield* 
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eldotrode and the me of oxidation-reduction indioaton are given erpecial and 
well-deserved prominence. Physical chemists who wish to become acquainted 
with modem applications of electron and atomic physios to chemistry can 
whet their appetites on the theory of overvoltage and the electrolytic 
separation of the isotopes of hy^ogen. An excellent innovation is the 
inolmion at the ends of chapters of short but carefully selected bibliographies. 

It will be apparent from the fosegoing remarks that the second edition 
is quite as important an account of Electrochemistry as of Thermodynamics. 
This ought to be indicated by extending the printed title, for there are 
plenty of sound thermod 3 mamioal texts but practically none on electro¬ 
chemistry which make any attempt to explain to undergraduate students 
the simple underlying physics. No one is in a better position to do this 
than the author, who has mckde many, notable contributions to the subject. 

C. H. J. 


Optical Rotatory Power. By T. Martin Lowry, C.B.E., F.R.S. [Pp. xiv 
+ 483, with 186 figures.] (London, New York, Toronto : Longmans, 
Qieen & Co., 1936. 30s. net.) 

Over a period of nearly forty years the writer of this book has conducted 
investigations on the measurement of the optical rotatory power and the 
optical rotatory dispersion of a wide variety of compounds. His early 
insistence on the importance of measuring rotatory power with light of 
several different wavelengths has been amply justified by the wealth of new 
information obtained and by the insight on molecular structure to which 
critical consideration of the new data has led. 

It is particularly appropriate, therefore, that Professor Lowry should be 
the author of this well documented and masterly presentation of the involved 
subject of optical rotatory power in which the reader is given the benefit* 
of his wide experience and extensive reading. 

That a widespread interest is taiken in the subject was shown by the 
fruitful discussion held by the Faraday Society in 1930, and thanks-are due 
to Professor Lowry for filling a notable gap in chemical literature. 

The book is divided into four sections dealing respectively with (i) the 
pioneer researches of Biot, Fresnel and Pasteur, and their development by 
later investigators; (ii) the development of polarimetric apparatus and 
procedure; (iii) the application of polarimetric methods to the study of 
quartz and numerous typical organic compounds ; and (iv) various theoretical 
considerations and modem ideas. 

In the last section the author gives a clear account of the theories of Gray 
and de Malleman, together with the more recent work of Boys and his 
method of calculating the rotatory dispersion of simple molecules from a 
knowledge of the refraotivities and effective radii of the chemical groups 
involved. The electronic theory of optical rotatory power Is considered fiiUy 
with a detailed consideration of Bom's molecular model and its apptioa* 
tiona* 

A concise account of optically active absorption bands and of rotatory 
dkpmdon in transparent and absorbing media Is given. The applioations 
of the equations of Drude, Kuhn and Braim, and Lowry and Hudscm are 
deidt with in an able manner. It will thus be seen that the author oontinties 
his praiseworthy task of explaining to chemists the theories of mathematfaiiiiiii 
cm the nature and origin of rotatory power and rotatory dispersioii. 
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It k ftignifloant that no disouasion of the Walden inveiaion is imdertaken ; 
it is becoming increasingly recognised that this subject properly constitutes a 
branch of the study of substitution reactions in organic compounds. 

The book is excellent value for its rather high price. j. Kenyok. 

An Xntroduction to the Modern Theory of Valency. By J. C. 

SrBAKMAK, M.Sc., Ph.D. [Pp. vii 4- 167.] (London: Edward 

Arnold A Co., 1935. 4s. 6d. net.) 

In the author’s words : “ The electronic theory of valency is now so well 
established and its ramidcations extend so widely into all branches of 
Chemistry, that it ought to form the backgrotmd to any serious study of the 
subject. Unfortunately it is the experience of those who teach it that the 
theory has still not properly impregnated the text^books. In a number of 
books it receives some mention indeed, but the treatment is often such as 
might leave the impression that it is just an interesting, speculative hypo¬ 
thesis rather than a fundamental, workaday theory. . . . This book is to 
be regarded as a supplement to existing text-books. The primary aim has 
been to give students during the early part of their degree courses, and 
perhaps in the advanced forms at schools, the backgroimd necessary for 
their later, and more spooialisted studies.” No one with experience in 
teaching the subject will differ from the author over the need for such an 
introduction as he has now given us. Dr. Speakman 1ms produced a book 
which students will appreciate very much, at a price which makes it very 
good value indeed. The Hamlet of chemistry is the doctrine of valency, 
and our understanding of this central problem has been growing remarkably, 
but it is only too true that the deepening and the simplification of ideas 
which have come in recent years have yet to become, as surely they should, 
basic in every text-book. 

To the reviewer the scope of this little book seems exactly right: The 
Data ; The Principles ; Electrovalency ; Oovalency ; Dative Covalenoy ; 
Polar and Non-Polar Compounds ; the Relationship between Electrovalency 
and Covalency; Tlie Application of Wave Meohanios to Valency Problems 
(this is a courageous effort in twelve pages, and is skilfully contrived); 
Valency in the Long Periods ; Co-ordination and Hydration ; Some Stereo¬ 
chemical Aspects of Valency; Index. Those things are of paramount 
importance for chemistry. The account given in this book is straightforward 
and carefully reasoned, and has a pleasingly enthusiastic yet critical feeling. 
In one or two places there are statements which to the reviewer seem mis¬ 
leading or not quite correct. On p. SO the proton is referred to as ” being 
momentarily detached from a molecule without diihoulty.” On p. 84 the 
explanation given of chain-formation by carbon atoms seems to be no 
explanation. The statement on p. 67 that ” there is no doubt that such 
phsoiomena as the adsorption layers studied by Langmuir are due to dative 
oovalency ” is too strong. On p. 72 it is stat^ that ” covalent compounds 
do not usually undergo rapid reaction, except perhaps in a few oases where 
there is a large afBnity ” ; this brief remark may give a rather misleading 
impression. 

The book Is small, well printed and bound, free from typographical 
erirors, and inexpensive. It can be strongly commended to students of 
chemistry and to others who may be interested in the oliemist’s point of 
view about ohamioal valency. B. T, 



748 SOIBNOE FEOOBESS 

Fliytloal Cliemistry lor Studonto of Biologsr and Madiolna. By 

D. I. Hxtchoook;» Ph.D. Second edition. pE^. xi -f 214* with 28 
figures.] (Baltimore: Charles C. Thomas; London: BaiUi4re» 
Tindall & Cox, 1934. 12s. 6d. net.) 

Thb signifioanco of physical chemistry for the correlation and inteiprotation 
of biological phenomena is everywhere recognised, and many text-books 
setting forth the relevant physico-chemical principles have been published— 
in the majority of cases by physical chemists. The author of the present 
volume is primarily a physiologist, but his exposition of physical chemistry 
is in general thoroughly sound and clear. The ideas eutid laws associated 
with osmosis, electrolyte equilibrium, adsoiption, the colloidal state, chemical 
kinetics, hydrion concentration, catalysis, etc., are discussed and documented, 
and biological illustrations are given of their application. 

Chapters of rather more specialised character deal with membrane equili¬ 
brium and equilibria in blood. In the latter field ph 3 r 8 ioal chemistry has been 
notably successful in explaining the mechanism of the respiratory function 
both as regards the reciprocal solubility effects of oxygen and carbon dioxide, 
and as regards the shift in the ionic equilibria accompanying the absorption 
of these gases. In the view of the author it is in explaining the mechanism 
of the respiratory function of the blood that physical chemistry has so fax 
proved more useAil to physiology. 

There is, perhaps naturally, a definite bias towards animal physiology 
in the author’s choice of his material, and the consideration given to the 
physico-ohemical aspects of certain plant physiology problems is consequently 
less adequate than one might have wished. The phenomenon of plasmolysis 
is described, but the significance of permeability for the osmotic phenomena 
characteristic of plant cells receives all too brief consideration, and the 
word “ permeability ” does not even appear in the index. ^ 

In general, as already stated, the presentation is both sound and clear, 
but the reviewer is inclined to suggest in connection with some of the funda¬ 
mental physico-chemical concepts such as reversibility, equivalent con¬ 
ductivity, and reaction velocity, that the discussion might, with advantage, 
be more extended. The author, for example, has made no use of kinetio 
ideas in introducing the subject of reaction equilibrium and velocity. 

A new feature of the second edition is the inclusion of ** Laboratory 
Directions,” describing experiments which might profitably be carried out 
by the reader. The student interested in a particular topic is further assisted 
by the provision of a useful bibliography. It should be added that the 
volume has an attractive appearance and that due attention has been paid 
to its technical production. 

J. C. FmhW. 

Thorpe’s Dictionary of Applied Chemletry. Supplement: VoL 11, 
N-Z. By JooeLYN Fiblp Thobpb, C.B.E., D.Sc., F.R.S., F,I.O., 
and M. A. Whitemy, O.B.E., D.Sc., F.I.C., assisted by eminent 
contributors. [Pp. xx -|- 727, with illustrations.] (London i Long¬ 
mans, Qteen A Co., 1935. 60s. net.) 

Tsa second volume of this supplement follows closely on the lines of the 
first, but the authors have found that the amount of material has exceeded 
their estimate and they have been obliged to relegate the index and glossary 
to a subsequent voluhie to be published shortly. The common tendency 
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for krge and expensive works to appear in a greater number of volumes 
than axmonnoed is to be deprecated^ as private purchasers and libraries find 
themselves thereby committed to an expenditure greater than they have 
reason to anticipate. 

Once again the names of the contributors 6ure a guarantee of the excellence 
of the articles and special mention must be made of the comprehensive 
accounts of the stereochemistry of cyclic compounds by W. H. Mills and of 
heavy water by H. V. A. Briscoe, and also of the excellent articles on Vitamins 
by L. J. Harris and on the new ideas about Tautomerism by J. W. Baker; 
the latter is a treatise in itself running to over 37 pages. 

A few omissions and errors have caught the reviewer’s eye. On p, 27 
no mention is made of Cremer and Dimcan’s work on nitrogen iodide; on 
p. 118 the formula for the oximino group is wrong; on p. 130 exaltone is 
not montionod among the synthetic musks ; and on p. 598 reference is made 
to Qomall and Robinson’s description of sodium 2:4-dintrotoluene-3- 
Bulphonate : actually these authors describe a hydrate, the anhydrous salt 
and three isomerides were described by Brady, Hewetson and Klein. 

In his review of the first volume the writer expressed surprise that some 
of the modem solvents, for example dioxon and various furfural derivatives, 
were not mentioned, but expressed the hope that they might appear under 
the heading Solvents in Vol. 11. This hope has not been realised. 

In a volume of this nature minor criticisms are inevitable, and those that 
have been made in no way detract from the great value of the work as a whole. 

O. L. B. 


The Chemietry of Cement and Concrete. By F. M. Lxa, M.So.» 
A.I.C., and C. H. Dbsch, D.Sc., Ph.D., F.I.C., F.R.S. [Pp. xii -b 429, 
with 10 plates and 80 figures.] (London ; Edward Arnold A Co., 
1935. 25tf. net.) 

The twenty-four years which have passed since the publication of Professor 
Desch’s valuable and well-known Ohemisiry and Testing of OemetU have 
seen great progress in the application of scientific method to the study of 
the important branch of the craft of building. In the same period, too, 
changes of technique both in manufacture and in application of materials 
have brought many new problems of interpretation and control. It is 
therefore not surprising tliat Professor Desch has felt that revision of his 
early work was not sufiicient, and has turned rather to the composition of 
an ^most entirely new treatise, in which he has been fortunate to secure the 
collaboration of Mr. Lea of the Building Research Station, who has himself 
contributed so fundamentally by his study of the lime-alumina-ailica-fenio 
oxide systmn to our present imderstanding of the constitution and behaviour 
of cements. 

The chapters on the components of cement and their inter-relations in 
the four component system naturally oontam much that is new and of out¬ 
standing value to the technician. Four-component systems are far from 
easy to study or to describe ; but the authors’ ingenious choice of components 
and the many well-thought-out diagrams enable the student to appreciate 
the transformations which occur in clinker fomiation. The authors move 
easily and confidently in their field, and their exposition is always clear. 
They do not ignofe the outstanding problems which only further research 
can solve—the mSuenoe of minor constituents, for instance, and the debatable 
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qmitkm 08 to how far a somewhat rapidly chilled system like cement clinker 
can truly be represented by an equilibrium system. 

The remainder of the book contains a clear account of present knowledge 
of the behaviotir of cement in the laboratory and in practice. It dealt 
thoroughly with the properties of cement and discusses judiciously the 
problems of testing. There are also chapters on posacolanas, slag oementSf 
aluminous and other special C6ments» ^nd concluding sections on concrete 
and its behaviour. Much in these careful and well-balanced chapters, and 
indeed in the whole book, is valuable as indicating tlie trends in research 
and manufacture which are of present-day importance. 

Cement research is evidently now moving rapidly, and no doubt this 
treatise will have to be reproduced at frequent intervals with modification 
and eirtCMision. It is, however, an excellent presentation of the state of 
knowledge to-day, and will be widely appreciated. . 

M. P. AVTVBBnY. 


The Principles of Motor Fuel Preparation and Application. 

Vol. II. By A. W. Nash, M.Sc., and D. A. Howes, B.Sc., Ph.D. 

[Pp. xiv -f 623, with 138 figures, including 10 plates.] (London t 

Chapman & Hail, Ltd., 1936. 30s. not.) 

The first volume of this work, when published in 1984, was received with 
such a chorus of well-merited congratulation that one^s hopes that the 
standard would be maintained in Volume II were tinged with some natural 
doubt. Volume I was devoted to methods of production of motor fuels, 
both natural and synthetic. Volume II deals with methods of analysis and 
testing, and with the significance and relative importance of these aj^xalytioal 
data as a means of assessing the behaviour of the fuel in the engine. It 
may be said at once that the high standard of the first volume has been very 
well if not entirely sustained by the second volume, which occupies about 
500 pages, comprising nine chapters and an appendix of tabular matter* 
The first and inevitably most lengthy chapter deals with many of the 
less important methods of determination relating to colour, sulphur (Inohiding 
the separate determination of elemental, mercaptan, disulphide, thiophen 
and other forms of sulphur), individual classes of hydrocarbons, wat^, 
alcohol and lead ethyl. It is regrettable, though of course due to no fisult of 
the authors, that the methods they quote as I.P.T. or A.S.T.M. Standard 
Methods in certain oases have since been modified or abandoned. An 
interesting review is given of American research on the effects of sulphur 
on the automobile engine. 

Since the really essential properties of a motor fuel are those depending 
on volatility, stability and anti-knock quality, the greater port of the book 
deals in detail with the determination and significance of these criteria* 
Thus the section dealing with volatility describes the methods for catiryiiig 
out the normal “ Distillation Test ” and also the determination of vapotar 
pressure, equilibrium boiling point, and equilibrium air distillation curves. 
It then reviews the bearing of these results on oarburation, ease of starting) 
aooeleration, vapour look, crankcase dilution and exhaust gas* 

The section on knock-rating similarly reviews the development of this 
subject from the pioneer work of Bicardo to the Uniontown tests which 
oot^rmed the adoption of the C.F.B. Motor Method, while the chapter on 
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gum^itftbility and inhibitors gives a valuable suniniary of recent roeearoh 
work on this very important eubjeot. 

Two very up-to-date seotions which deeerve careful study deal respectively 
with aviation fuels and their current specifloationB in various countries, and 
with high-speed diesel engines and their fuels. This latter chapter in partiou- 
iar stresses the fact, still inadequately recognised, that high-speed diesel 
engines are even more fastidious than petrol engines as regards the superfine 
quality of tlioir diet. 

One word of warning is necessary as regards numerous “ typical analyses ’* 
that are quoted. These apply (the fact being clearly stated) to 1982 products, 
which have now, of course, entirely disappeared from the market, so that 
much of Chapter XVII must be disregarded except as a record of ancient 
history. Some of the tables in the Appendix dealing with petroleum produc¬ 
tion end imports and consumption do not go beyond 1931, and therefore 
need extension to be of more than historical value. These, however, are 
minor blemishes on a production of outstanding merit. 

F. B. Thoub. 


Shellac: Its Production, Manufacture, Chemietry, Analysis, 
Commerce and Uses. By Ernbst J. Parby, B.So. (Lond.), 
F.I.C., F.C.S. [Pp. xii 4- 240, with frontispiece and 15 figures.] 
(London : Sir Isaac Pitman & Sons, Ltd., 1935. 12s. 6d. net.) 

Tux lac industry has been the subject of extensive study during recent 
years. Chemists, physicists, technologists, economists and politicians liave 
all contributed to the subject with the object of placing this old-established 
native industry upon a firm foiindation of scientific knowledge which will 
enable it to maintain its place in the modem world. The author of the 
present volume has been for many years intimately connected with the 
shellao trade in London as the analyst for the London Shellac Trade Associa¬ 
tion and is therefore particularly well qualified to deal with these matters 
which concern the merchants and users in this country. 

In the first three chapters an account is given of the origin and production 
of lac and its conversion to shellac and other forms. The fourth chapter 
deals with the chemical and physical examination of shellac and should be 
read in conjunction with Mr. Parry’s original papers reprinted here from 
the Ohemi9t and Druggi 0 t as Appendix I, and the standard and methods of 
analysis in force in the United States, Appendix II. In the fifth chapter 
an account of the constitution of lac and the bearing of recent reaearohes 
upon the problem of the formation of lac resin by the insect is given. In the 
sixth and last chapter a very useful account is given of the oommeroial 
aspects of the industry and in particular the rules and customs governing 
the London Trade, Altogether this is an original BXkd valuable addition to 
tile literature of the subject. To those who are familiar with the subject 
it will be welcome as a definite and perscmal contribution by one who has 
had unique opportunities for studying certain aspects of the shellao trade 
oocioermng which authoritative information is difiSoult to obtain, whilst to 
those who are desirous of informing themsehree oonoeming any aspect of 
this extremely complex subject the book may be confidently recommended 
as a oondse and reliable guide. 


T. H. B. 
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Tli0 AppUcmtion ol Absorption Spootra to tbo Study of Vitamiaa 
and Hormones. By R. A. Morton, D.Bc., Ph.D., FJ.C. [Fp. 
70, with 25 figures and 6 plates.] (London: Adam Hilger, Ltd., 
1986. 10s. net.) 

Thb vitamins and hormones oxert their potent effects when present in 
minute trcMjes in the living organism and the most delicate analytical methods 
are required for their detection and study. One of the most important of 
these methods is furnished by the measiirement of absorption spectra, and 
convenient apparatus is now available by means of which it is possible 
under favourable ciroumstances to detect the merest fraction of a milligram 
of the substance imder investigation. Dr. Morton heis played a prominent 
part in the development of these methods and it is specially appropriate 
that a summary of progress should come from his hands. He has bro^lght 
together in convenient form a vast number of observations dealing with 
Vitamin D, the sex-hormones, Vitamin A, Vitamin Bj, Vitamin B,, Vitamin 
C, and Vitamin E, for which the practical spectrosoopist would otherwise 
have to search laboriously amongst a large number of separate papers. The 
reader’s indebtedness to the author is much increased by the numerous 
references and by the short summaries of the present state of knowledge 
concerning the chemistry and the physiological activity of the various sub¬ 
stances. Special reference may be made, for example, to Table 111 of this 
well-produced moiiograph in which the principal properties of the carotenoids 
and related substances are set out. Dr. Morton rightly stresses the empirical 
nature of these applications of absorption spectra and emphasises the impor¬ 
tance of the animal test eus the first and last court of appeal. This is 
particularly the case when natural products are under investigation, since 
the characteristic absorption spectra are frequently obscured and the 
position is further complicated by the facts that non-absorbing derivatives* 
of the Vitamin may be fully active (as with dehydro-asoorbio acid) and 
that structurally related but physiologically inactive substances may display 
absorption spectra indistinguishable from those Of the active materials. 
Nevertheless his book amply reveals the extreme power of the absorption 
spectra measurements both as an aid in structural investigations and as an 
invaluable and rapid method for the characterisation and estimation of 
biologically important substemoes. 

E. L. H. 


Van Noatrand’a Cliaiuioal Annual. Edited by John C. Olbbn, A.M., 
Ph.D., D.So. Seventh issue. [Pp. xvii -f 1029, with frontispieee.] 
(XJ.S.A.: D. van Nostrand Company, Ino.; Iiondon: Chapman 
A Hall, Ltd., 1985. 25s. net.) 

Tkosb who have been in the habit of using this well-known referenoe book 
of chemical constants will welcome the appearance of the seventh issue. 
A thorough search of the literature has been made for new data and the 
policy of publishing only one critically chosen value in each case, instead of 
all the recorded values, has been continued. New additions are tables of 
boiling points, vapour tension and latent heat of evaporation for the use 
of those who design or operate chemical engineering processes, eextended 
tables of physical and chemical properties of metals and other substanoes 
in common use, also tables for the calculation of thennometers and thenno*’ 
C 0 iipks» and of combustion data of gases. All molecular weif^ta, convendofi 
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eto.» have been recalculated in accordance with the 1933 table of 
atomic weights and the bibliography of new books has been replaced by a 
list of books published since 1925. Handbooks of this kind increase in value 
with the appearance of each new edition, both by the inclusion of new data 
and the correction of errors, and van Nostrand is now well established in 
both America and this country. 

J. N. S. 


A Qorman-^Englioli Dictionary for Cheminta. By A. M. Pattbrsok, 
Ph.D. Second edition. fPp. xx 4*411.] (New York: John Wiley 
A Sons, Inc.; London : Chapman & Hall, Ltd., 1935. 15s. net.) 

Of tlie virtues of “ Patterson ” which have now been tested over a period 
of eighteen years, every English-speaking chemist is fully aware. Its 
reliability, comprehensiveness, simplicity of arrangement, clarity of print, 
convenience of sia^, and durability of binding have ensured its popularity. 
Moreover, it is something more than a mere dictionary: it is a real guide 
to the translation of German chemical literature and of the wide range of 
technical matter which is not pure chemistry but which the chemist may 
need to read. 

In preparing this new edition the author has not been content with mere 
formal revision but lias re-considered the selection of entries in relation to 
modem usage. A few entries have been deleted but many additional words 
and special meanings have boon introduced, with the result that the number 
of pages has been increased from 316 to 411—and this in spite of the fact 
that much wastage of space has been avoided by the adoption of the para¬ 
graph style for entries beginning with the same word element. Terms 
relating to atomic stmoture and other rapidly developing fields are well 
represented, and there is no doubt that this now edition will prove of the 
greatest value to an increasing range of chemists and other scientific workers. 

H. J. T. B. 


The Taadiiiig of Chezniatry in the Univeraitlas of Abardean* By 

Aubxakdibb F1KDI4AY. (Pp. viii 4 - 92, with 18 plates.] (Aberdeen; 

The University Press, 1935. 5s. net.) 

Tbx plural “ Universities of Aberdeen in the title of this work might 
pussle a southerner, but it tells an Aberdonian at once that chemistry was 
taui^t in his city earlier than 1860. For until that date King^s College 
(1495, 1505) and Morischal College (1593) kept up for more than two and a 
half centuries a pre-natal feud which had begun when a Protestant Church 
displaced the Roman, and they continued to find in academic discord a 
compensation for the Imt joys of religious controversy. Fused together at 
length seventy-five years ago, the two institutions together have enabled 
the University of Al^rdeen to stretch its infiuence widely beyond its native 
oonstituesicy^ and to join voices with its sisters in the South. 

The story, as Professor Findlay tells it, is of much interest to anyone 
oonoerxied in university work, whether chemist, scholar, or administrator, 
and whether Aberdonian “ on’ twal’ mile aroon* ** or merely English. The 
Stepwise emergence of a subject from superficial, ancillary treatment to the 
dill^ty of a self-maintained and intensive study is clearly illustrated, and 
with it is seen the corresponding growth of a university's purview from that 
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of cliques of parish-pump sohemors to that of the body of outward-looking 
savants which its wiser heads emd founders have always wished it to be. 

In establishing the regular teaching of chemistry Marischal College led 
the way, in 1793, with the aid of a carefully-conceived bequest from the 
widow of a former Principal; and under her Will, George French, an 
Aberdonian with some London training, became the first Professor of 
Chemistry. At King’s College there was never a chair of tlie subject: the 
first sot cUiSH there in chemistry, about 1811, was held by the Professor of 
Moral Philosophy and then, until 1839, by the Professor of Humanity—either 
pursuit a very suitable concomitant to chemistry, no doubt, but not very 
far. With the advent to the chair of Medicine of William Gregory, Thomas 
Graham’s successor at the Andersonian Institution in Glasgow and a pupil 
of Hope tmd of Liebig, King’s gained, a worthy to^icher of the science ; he 
was, however, translated to the Edinburgh chair in 1844, and his suoctissor 
Fyfe carried on the work until the Union. Meanwhile, at Marischal College, 
French had held his chair mi til his death in 1833, but for fourtiion years 
had resigned the work imd the tuition foes to a self-proposed (and duly 
authorised) deputy. The monceuvring for the filling of French’s chair recalls 
the election of Abbot Samson in Jocelyn of Brakelond, and shows feats of 
which human nature has even now not wholly lost the knack. But the 
now man was a good practical chemist. Thomas Clarke, whose water-softening 
process is still known. He came from Glasgow, whore he hod defeated Thomas 
Graham in candidature for a lectureship; (fraliam later made up for it by 
beating Clarke for the chair at University College, London. During Clarke’s 
tenure, Marischal College erected its present building, and chemistry gained 
bettor quarters. There were about 33 medical students of chemistry and 
about 20 from the Arts Faculty; they had some practical instruction as 
well as lectures. From 1844 to 1860, Clarke being infirm, his work was done 
by four successive deputies. One of these, John Smith, wont out to Sydney * 
in 1852 08 the first Professor of Chemistry in the Southern Hemisphere, and 
continued there mi til 1885 ; he is probably still remembered by some of the 
now eldest generation of Australian men of science whose influx he heralded. 

From the Union onwards, chemistry has been taught only at Marischal 
C/ollego. Fyfe, from King’s, was soon succeodeil by Brazier (1862-1888), a 
Sussex man who had been an assistant to A. W, Hofmann in Loudon ; after 
him for two significant years camo Carnelley from Dundee, and by his 
energies degrees in Science were instituted. At his death Japp, already an 
organic chemist of recognised eminence and with experience under Bunsen» 
Anschiitz, Franklond, and T. E. Thorpe, came in 1890 to the chair which he 
held mitil 1914. In 1896 he replaced Clarke’s exiguous laboratory by those 
that are still used. This allowed the school to grow and be modernised, so 
that the chemical attainment of a Bachelor of Science could and did become 
equal to that in other British universities ; while the treatment of the 
science might at the same time keep a flavour of its long inclusion as an 
Arte subject, in ways which to this day encourage breadth as well as depth. 
Professor Findlay’s tale—which stops short of the occupancies of the chair 
by Frederick Soddy and by himself—is told with proportion and humanity $ 
and this, No. 112 of “ Aberdeen University Studies ” (admirably produced 
and illustrated by the University Press), would very usefully be circulated 
and studied among the academic authorities of Britain and the Dominions. 

iRvms Masson. 
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Qualitative Chemical Analyaia, Organic and Inorganic. By F. 

Mollwo Pebkik, C.B.Em Ph.D., F.I.C., F.C.S. Fifth edition, revised 
by Julius Grant, Ph.D., M.So., F.I.C. [Pp. x -f 377, with 30 illus¬ 
trations and a spectrum plate.] (London, New York, Toronto; 
Longmans, Green Co., 1935. 9s. net.) 

“ The whole book has been thoroughly revised and brought up to date, 
the elements of miorochemistry are discussed, crystal tests and drop reactions 
are given. It is hoped that those additions have resulted in a modem text¬ 
book which will be of use to the student from the time ho starts analytical 
work at school, tlirough his imiversity studies and in the many ramifications 
of science in which chemical analysis plays a part.** Ho reads the prefeico. 

Qualitative analysis is a valuable training. It should develop orderly 
methods of thought and work and it should be presented to the student in 
such a way that these habits are encouraged. The group separations should 
follow a logical plan and every effort should be made to lead the beginner 
through them without confusion. It is precisely here that “ Mollwo Perkin ” 
fails. Regarded as a handy reference book for the reactions of organic and 
inorganic substances one may truthfully say that it contains 300 pages of 
sound information but as a working text-book of qualitative inorganic 
chemistry it is confusing. Pages 216 and 219 ought to precede pages 216 
and 217 respectively. A phosphate table is not given but a note (p. 219) 
refers the reader to p, 118, whence he is rtJcrmd to p, 96 for further informa¬ 
tion. There is no settled plan for the internal arrangement of the groups. 
The treatment of the CoS, NiS mixture (p. 217) is not correlated with the 
same operation on p. 218 and the precipitate identified is not “ nickel 
hydrate.** An equation is misplaced (p. 224) and a substance (p. 204) 
which is insoluble in concentrated hydrochloric acid but which dissolves on 
dilution may possibly be 80 * 0501 ^( 011)0 or even potassium antimonate, but 
it is more probably barium chloride which is not mentioned. Many other 
similar examples might be quoted. If pp. 194-229 could be drastically 
overhauled and brought up to the level of the rest of the book, then the 
hopes expressed in the preface would be realised. 

J. N. S. 


GEOLOGY 

Introduction to Geology. By E. B. Bkanson, Ph.D., and W. A. Ta&b, 
Ph.D., Sc.D. [Pp. viii -f 470, with 466 figures.] (New York and 
London: McGraw-Hill Publishing Co., Ltd., 1935. 21 s. net.) 

Holding the correct view that not one in a hundred first-year students of 
geology will pass on to make geology his life-work. Professors Branson and 
Tarr have compiled this introductory text-book on broad and general lines 
with a minimum of technical phraseology, and with emphasis on principles 
and reasoning rather than on the presentation of a large and confusing 
mass of technical details. While they aim at mental training through the 
excellent medium of geological science, they have also kept in mind the 
necessity of providing a broad foundation for later professional studies. 

So far as the matter is concerned we feel that the above aims have been 
realised, but it is in the manner and style that the book falls short. Awkward, 
confused and ungrammatical sentences such as, ** They [batholiths] are 
formed by a magma’s melting the rock in place and by its displacement of 
the rock,** abound, and give the impression that sets of lecture notes have 
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beon hastily thrown together to produce the book. However, if one dk- 
r^ards these blemishes of style, the matter is good and well-arranged. 
Above all, the illustrations are extremely numerous> about one to each page 
of text, and are remarkably fresh and informative. We believe that the 
book will be found useful by the type of student for which it is designed. 
The too familiar misprint “ paleographic *’ (aic) for “ pakBogeographio ** 
occurs in the Preface, and olivine i» app>arently not included in the class 
of ferromagnosian minerals (p. 47). 

G. W. T. 


Outline of Glacial Geology. By F. T. Thwaitks. pPp. ii 4* 116, 
with 90 figures.] (Ann Arbor, Michigan : Edwards Brothers, Inc., 
1936, $2.76 ; Iiondon : Thomas Murby & Co., 12s. 6d.—subject to 
variation according to rate of exchange.) 

This book is a photo-lithoprint of the author’s manuscript, and the format 
of such a production leaves much to be desired. 

In the first plcuio it is only fair to point out that the title of the work 
is misleading, for the book deals entirely with the Pleistocene glacial phe¬ 
nomena of North America, and makes no attempt to discuss the problems 
of the glacial history of other parts or of the pre-Pleistocene glaciations. 

The book is divided into four parts : Part I—^Mountain Glaciers and 
Glaciation; Part II—Continental Glaciers and Glaciation ; Part III—The 
Pleistocene Glacial Succession; Part IV—Miscellaneous, in which are 
included such topic^s as The Driftless Area, Causes of Pleistocene glaciation, 
Duration of the Quaternary, etc. Part IV is disappointing. The author 
has apparently beon greatly attracted by Croll’s hypothesis, and although 
no mention is made of Simpson’s theory, the author states that “ the idea 
of changes in amount of heat received from the sim is an attractive one ...” 
(p. 109). We cannot follow him, however, in his conclmion that as far as 
the cause of the Ice Ago is concerned ” Continental elevation was unquestion¬ 
ably a prerequisite ” (p. 109). Parts II and III are the most important in 
the book and they undoubtedly contain a wealth of detail on glacial deposits 
and their topography and on the Pleistocene glacial and interglacial stages 
of North America. In too many oases the author’s views arc carelessly 
expressed. To give only one example we may quote these statements: 
” Elevations in the bed rock surface are most abraded on the atoM side, that 
exposed to the oncoming ice. Depressions are smoothed out most on the 
lee side, that which was similarly exposed to the brunt of the ice ” (p. 23). 
The author starts away with the excellent intention of underlining ” all 
technical terms . . . whore first used ” (p. 1), but many are underlined more 
than once while others escape on their first appearance. 

Adequate references to American literature are given throughout the 
book after each sub-section, but in the discussion of varves whore, naturally, 
references are given to de Geer’s work in Scandinavia and to Sauramo’s in 
Finland, it would be interesting to mention that in Clay and the Clay Industry 
of OntaHo, Prof. M. B. Baker pointed out, as long ago as 1906, that varves 
are seasonal deposits. 

The field geologist and the teacher will find this Outline a mine of informa¬ 
tion on glacial deposits. 


W. J. MoC. 
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Outline of the Physiography and Geology of Victoria. 

Edited by Professor E, W. Skbats. [Pp. 76-135, with 2 figures and 
1 map. Reprinted from the Handbook for Victoria, prepared for the 
Meeting of the Aiistralian md Now Zealand Association for the 
Advancement of Science, Melbourne, 1936.] (Melbourne University 
Press in association with Oxford University Prc^ss, 1936. 2^. net.) 

This useful outline consists of a number of essays by different authors 
under the general editorship of Prof. E. W. Skeats of the University of 
Melbourne. Physiography, by E. S. Hills, occupies 10 pages, and deals, 
among other topics, with the interesting pre-basaltic topography of the 
state, of economic importance because of the exploitation of gold in “ deep 
leads ” along ancient stream courses buried beneath lava hoods. Geology 
is treated according to formations, Prof. Skeats dealing with Pre-Cambrian, 
D. E. Thomas with Cambrian and Ordovician, F. Chapman and D. E. Thomas 
with Silurian, E. S. Hills with Devonian and Carboniferous, H. S. Summers 
with Permo-Carboniferous, F, A. Singleton with Triossic and Kainozoic, 
and Prof. Skeats with Jurassic. Paleeozoic formations are excetxlingly well 
developed in Victoria, and there was a vast outpouring of basaltic lava in 
the Kainozoic. Each section concludes with a good list of references. The 
map, contained in a pocket, with the geology in line and dot shading, covers 
South Central Victoria, t.e. the region of which Melbourne is the centre. 
This handy booklet represents an exceedingly valuable compilation which 
will be found useful in the regional study of geology far beyond the boon* 
daries of the state. 

G. W. T. 


The Changing Sea Level. Four lectures given at the University 
of London in November 1933. By Hbnki Baulig. The Institute of 
British Geographers, Publication No. 3. [Pp. xii -f- 46, with 11 
figures.] (London: George Pliilip Sc Son, Ltd., 1936. 3^. net.) 

Apparbkt changes of sea-level may bo due to various causes; real changes 
must be due either to variation in the amount of waU^r in the ocean or to 
alterations in the capacity of the ocean-basins. It is with the geomor- 
phologioal evidences for the latter that the author of this pamphlet is 
concerned. 

During the Pleistocene period the growth and decay of ice-sheets led to 
considerable fiuctuations of the volume of water in the oceans, and it is 
difficult to disentangle the effects of these fiuctuations from the effects of 
alterations in the capacity of the ocean-basins. For this reason the author 
deals chiefiy with the Pliocene period. It was near enough to our da 3 rB to 
permit the use of geomorphological methods, and there is no reason to 
supfiose that it saw any great variation in the amoimt of water in the ocean. 
The belt of sedimentary rock west of the Rhone shows wide plateaux 
out across the folds of the Miocene beds, and these plateaux must have 
been eroded since Miocene times. The author looks upon them as pene¬ 
plains formed during the Pliocene period when the sea stood higher than it 
does now and extended up the valley of the Rhone. He recognises three 
such peneplains at different elevations, cuid places the corresponding sea- 
levels at 180, 280, and 380 meters. The retreat of the sea was not gradual, 
but there were long pauses at each of these levels, during which the corre* 
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spcmding peneplain was formed. He finds similar surfaces at the same 
elevations elsewhere. 

The author realises that much more evidence is needed to prove world¬ 
wide changes of sea-level; and in these lectures his chief concern is not to 
prove any tiling but to show how the problem may be approached. 

P. L. 


BOTANY AND FORESTRY 

G3rmno8perm9. Structure and Evolution. By C. J. Chambbbiaik, 
Ph.D., So.D. fPp. xii 4- 484. with 397 figures.] (U.S.A. : University 
of Chicago Press ; Great Britain and Ireland : Cambridge University 
Press, 1936. 2ls, net.) 

The last edition of the Morphology of Oymnoaperms by Coulter and Chamber- 
lain was published in 1917. The present work follows similar lines to the 
earlier which it is intended to replace. But the results of the research 
during the eighteen years that have since elapsed have scarce^ly been embodied 
to the extent one might have anticipated. The chapter on the Cycadofllices 
is notably deficient in this respect and indeed cannot bo said to fairly repre¬ 
sent the present state of knowledge. In this section for instance no mention 
is mode of the very important work of Hallo published in 1933. 

The text is atlmirably illustrated with numerous drawings and photo¬ 
graphs. The section on the Cycadales is of especial interest as representing 
the mature views of the author’s extended investigations in this group and 
is embellished with a number of Professor Chamberlain’s beautiful photo¬ 
graphs showing the habit of members of the various genera growing in their 
native homes. 

Tliere is an extensive single bibliography of over 700 references in place 
of the sepamte bibliographies of the earlier work. 

E. J. S. 


Management of American Forests. By Donald Maxwell Mattiiew8» 
B.A., M.S.F. American Forestry Series. [Pp. xvi -f 496, with 22 
figures.] (New York and London : McGraw-Hill Publishing Co., 
Ltd., 1935. 30s. net.) 

Books on Forest Management are in the main based upon the record of 
experience gained on the Continent of Europe where the highly organised 
forests have yielded data over relatively long periods emd sufficiently precise 
to be expressed in complex formulae enabling the forester to work out with 
some degree of acoiiracy expected returns and profits. Their range of 
application is limited and the bulk of the world’s forests including those of 
the United States and for that matter of this country lie outside their scope. 
Where exact data of yield are not available and where a first approximation 
is immediately necessary and is all that can be expected the forest assessor 
must approach his problems from first principles, applying the formulas 
dictated by the conditions. 

This book is not a text-book of Forest Management m the ordinary 
sense but of Forest Management in relation to the particulau* needs of 
America, where the bulk of the forests are irregular. In Part I, the intro¬ 
ductory chapters effectively bridge the apparent gulf between the often 
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pigeon-holed subjects of silviculture and management and will be welcome 
to the more biologically minded. The enunciation of general principles^ 
with, of course, the normal forest aa the central theme, loads up to the 
Report on the Forest Property. Pai t II, Financial Aspects of Forest Manage* 
ment, is a course in economics, dealing with land and stumpage values and 
includes useful chapters on forest taxation and forest insurance. 

The book is not always easy to read : much of the matter could have 
been expressed more simply and lucidly. The approach from first principles, 
the retention of elasticity so essential in approaching the problems of the 
irregular forest, the detailed working out of the formulae and the graphical 
presentation of the results are valuable features of the book, which, although 
written primarily for America, meets the needs of many in this country emd 
forms a useful addition to English literature on this subject. 

A. S. W. 


ZOOLOGY 

An Introduction to Comparative Zoology : A text-book for 
Medical and Science Students. Ry F. G. 8. Whitfield, 
F.R.E.S., F.R.M.8., and A. H. Wood, M.A. [Pp. x + 354, with 
141 figures, including 6 plates.] (London : J. & A. Churchill, Ltd., 
1935. 16«. not.) 

The authors of this work have made a very laudable attempt to link up 
the sciences of medicine and zoology, and at the same time to deal with 
t 3 ^pe 8 of animals which are not restricteni by Geographical distribution. For 
this remon both the Cockroach and Locust are dealt with, and such a form 
as Amphioxus omitted. The system used is mainly that of describing 
** types ** of each group and enlarging on them, particularly in the case of 
those types which are parasitic or have parasitic relatives. Finally, there 
are concluding chapters treating such general topics os Heredity, Evolution, 
and Ecology. 

The chapters on the In vertebrates, especially the insects, are admirably 
done. Those on the vertebrates are qute good but some of the figures are 
a little difficult to follow, whilst others are inaocurate. For example, the 
diagram of the dissection of the neck of the rabbit (Fig. 108) is rather obscured 
by too much shading, and in tlie figures of the skull of the dogfish (Figs. 80-2) 
the branchial arches are drawn as though they are not divided into phoryngo-, 
epi-, cerato-, and h 3 pohyals ; the pectoral fin of the dogfish (!Fig. 83) differs 
considerably from that of ScyUium canicula. 

In a book of this kind it is almost impossible not to make mistakes and 
one inconsistency can bo pointed out. On p. 318 the Amphibia (rather 
loosely referred to as “ Frogs **) are shown arising in the Upper Devonian, 
whereas on p. 322 they are shown arising in the Lower Carboniferous. 

The concluding chapters suffer from being too short, and much that is 
expected of the average medical student is omitted. 

J. A. M.-T. 

Heredity and the Aecent of Man. By C. C. Hurst, Ph.D., Sc.D. 
[Pp. X 138, with 9 figures.] (Cambridge : at the University Press, 
1935. 3s. 6 d. net.) 

Da. Hubbt took up breeding experiments with plants and animals before 
Mendel’s principles were rediscovered. His work has therefore covered the 
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whole period of genetics, and has included experiments with orchids, fowls, 
rabbits, and especially roses, as well as the inheritance of such features as 
eye colour and intellect in man. His book on the Mechanism of Creative 
Evolution, which is a summary of modem genetics, is well known. He is 
therefore entitled to express his views in the present small book, which 
briefly and clearly summarises the main results of modem experimental woik 
on heredity. Tlie work is by no means a mere statement of the principles 
of heredity and variation involved, but the author indulges rather freely in 
pleasant speculations regarding such problems as the origin of life and the far 
distant future of mankind. These sfKKsulations are made not without philo¬ 
sophical backgroimd or soientifio foimdation, but some geneticists will prob¬ 
ably regard them as somewhat hazardous. 

Following chapters on the mystery of life and the laws of heredity, Chapter 
III discusses the gene and the origm of life. The juxtaposition of these two 
things res\ilts from the author’s identification of genes and “ progenes ” with 
the bacteriophage and virus particles, the original and simplest of all organ¬ 
isms being regarded as genes. Somewhat similar views of the nucleus or 
chromatin as the oldest part of the cell have been put forward by Minchin 
and others. Sucli views, of course, encounter the difficulty of accounting for 
the later development of the cytoplasm. If the earliest organisms lived and 
multiplied as free genes, what induced them to acoiimulate about themselves 
the much loss organised and specialised cytoplasm ? There are no present 
means of deciding whether the highly organised genic material came first or 
whether it arose through a specialisation and re-orientation of an original 
undifferentiated protoplasm. 

Tlie chapter on the gene complex tises the colour factors in rabbits and 
in sweet peas to explain the nature of gene inheritance with a minimum of 
terminology, and the layman will find it easy to follow. Chapters V and VI 
with equal simplicity deal with the varioiis ty{>6s of change taking place in 
chromosomes and with the nature of sex. The experimental creation of 
new species ” sketches clearly some of the outstanding recent developments. 
Tlie last two chaj)ter8 are devoted to man, his mental development from 
Eolithic times and finally his future, which will bo in some measure deter¬ 
mined by his own control. 

A few slips may be poinUxl out. The second division of the pollen grain 
nucleus generally takes place in the pollen tube (p. 23). The evidence does 
not favour the view that the polar bear is a single mutation from a dafk 
coloured animal (p. 48). The unqualified statement (p. 54) that the disap¬ 
pearance of “ the dominant major gene for normal intellect ” may produce 
a genius or an idiot, is based on the author’s own particular view which is 
not yet supported by evidence from other sources. 

This little book can bo quickly read and should serve to make the con¬ 
ceptions and results of genetics much more widely imderstood by those to 
whom genetics is at present only a name. 

R. Ruoolbb Gatxs. 

Fialnea : Their Ways of Life. By Louis Roule. [Pp. viii -|- SIS* 
with 52 figures.] (London : George Routledge & Sons, Ltd., 1935, 
12«. 6d. net.) 

This is frankly a popular book, and as such it will no doubt have a well^ 
deserved success. It is lightly and gracefully written and covers a large 
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range of fishy topics ; if you have eaten Bouillabaisse on the Mediterranean 
littoral you will appreciate Prof. Koule*s delightful account of the queer fish 
that compose it and how they are caught. You may reekl also of tunnies 
and sharks^ the sinister Murama aid the placid oarp» and a host of others. 
Other chapters deal in an interesting way with the sensory physiology of 
fish. The book has been admirably translated by Conrad Elphinstone. 

E. 8. E. 

Report on the Fiaheries of Palestine. By J. Horneix, F.L.S. 
F.R.A.I. [Pp. 106, with 14 figures.] (London : The Crown Agents 
for the Colonies, 1935. Is, 6d,) 

Those who have read Mr. Homell’a previous work expect a lucidity not 
olisewhere met with in Fishery Reports. They will not be disappointed in 
the contribution under review. The Report detils with an investigation of 
three months’ duration made in the summer of 1934, and runs to 106 pages 
containing 317 numbered paragraphs whose contents are fully indicated in 
a synojisis. Tliere is also an admirable glossary containing the local names 
of 74 species, the greattir part of which have been identified by Mr, J. R. 
Norman of the British Museum of Natural History. 

From statistics given in the appendix it would appear that the total local 
yield of Palestinian fish, excluding lake and river catches which are incon¬ 
siderable, was 1,046 metric tons in 1931 and 1,131 metric tons in 1933. The 
corresponding values in Palestinian pounds were £45,655 and £44,733. It 
has already been shown that fish becomes dearer as one goes eastward along 
the Mediterranean to Egypt. The present figures show a continuance of 
that effect, for comparing the price of fish in Egypt for 1931 with that for 
Palestine we have the figure -87 shillings per kgm. in Palestine and *49 in 
Egypt. Fish is thus a scarce and dear commodity and it is not surprising 
to see tliat about 75 per cent, of the fish consumed in Palestine is imported 
while in neighbouring Egypt the comparable figure is of the order of 10 
per cent. The local fishery is therefore one of the least considerable in the 
Mediterranean. 

It is considered that there is an inadequate exploitation of sea fisheries 
which contain no dearth of good q\iality food fishes. The lake fisheries show 
evidence of depletion, particularly Tiberias, where fish were abundant under 
the old concession system, whereas since the lake has been thrown open to 
all and sundry fish are relatively scarce. 

Ther^ will be those who think that Mr. Homeirs very complete recom¬ 
mendations would have more properly succeeded biological studies which 
it is recommended should be deferred. At present judgments as to the 
degree of exploitation of the sea fisheries ** which contain no dearth ** must 
be largely speculative. 

R. S. W, 


The Hake and tha Hake Fiahary. By C. F. Higklinq, M.A. [Pp. 
142, with firontispiece and 13 figures.] (London : Edward Arnold d; 
Co., 1936. 3s. 6d. net.) 

Me. HxoBxmo is an Assistant Naturalist on the stedf of the Ministry of 
Agrioultura and Fisheries, and his book, which represents the Buckland 
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Leoturee for 1934» contains a lucid summary, attractively written and illuB* 
trated, of the author’s ton years’ adventurous resoarehes on this West Coast 
fish, as well as of their bearings on the past, present, and future of the Hake 
fishery. 

Being a predaceous fish the Hake was originally caught by hook and 
line, and those who knew Devon and Cornwall 40 or 60 yt^ars ago must still 
remember the delicious dish which ropultod from a fresh-caught Hake served 
up with Devonshire cream in lieu of sauce. Such local and seasonal fisheries, 
however, have long disappeared, having boon superseded by a great deep-sea 
trawling industry based on Milford, Cardiff and Fleetwood instead of Ply¬ 
mouth and Newlyn, and ranging the fishing grounds fi'om Morocco to the 
Hebrides. The problems now confronting this industry repwmt with certain 
modifications those of the East Coast Plaice fishery. Large hake, which 
previously formed the chief element in the total catch, are now so scarce 
that last year they supplied merely one-sixth of it, while the total landings, 
which in earlier years mounted year by year to a climax of 900,000 cwt. in 
1909, have since declined by more than a third, and show no signs of any 
natural recovery. How this follows from the slow growth-rate of the fish 
and the intensity of fishing can be followed in Mr. Hickling’s pages. His 
advocacy of an increase in the mesh of the trawl, to save the smallest fish 
from premature df.^truction, is certainly worthy of careful consideration by 
the trawling companies. In this case, unlike that of the Plaice, there seems 
to bo no increase in the growth-rtito of the small fish to compensate for the 
disappearance of the large. 

Readers of this little book will find it full of interesting detail, on which 
we have no space to dwell, and an admirable addition to the Buckland library 
of the applications of science to fishery problems. 

W. G. 


The Wasp. The Genus Vespa in Scotland. By W. B. R.' Laid- 
Ukw, D.Sc., F.R.E.S. [Pp. 32, with 8 plates.] (Edinburgh ; John 
Baxter & Son, Ltd., 1934. 3^.) 

The common wasps of the genus Vespa are one of the few kinds of Hymenop- 
tera in which everyone is interested. Few, however, apart fVom specialists, 
realise that the “ Common ” wasp is represented in this country by six 
species (four of which are common), besides the Hornet. The discrimination 
of these s|>ecies requires some care, especially as their colour-markings, which 
have largely been relied on in text-books, ore very variable. In the males, 
at any rate, identification by means of the structure of the genitalia is always 
oertain and Dr. Laidlaw’s figures of these will be helpful to British students. 
The coloured plates of the males are also attractive, thou^ the colour- 
patterns are too variable to be very safe guides to recognition. The collected 
data on the distribution and the relative abundance of the species will be 
useful, though in this field Entomologists still lag far behind the Botanists. 
The accurate mapping of species-distribution and its relation to various 
climatic factors, maps of which the Meteorologists can already supply, is 
still largely an unworked field. Dr. Laidlaw’s speculations as to the phyto¬ 
geny of the species are less well founded. Tliere is a large American literature 
relevant to this gubject which he has not explored. In particular, in spite 
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of the valuable work of Carpenter and Paok-Berosford, it can now be taken 
as certain that Vespa avstriaoa is a social parasite of F. tufa and has evolved 
from one of the forms of that speoies. 

O. W. R. 

Lac and the Indian Lac Research Institute. By Dobothy Nobbib. 
M.Sc., F.I.C,, r. M. Gloveb, B.Sc., and R. W. Aldis, Ph.D., 
D.I.C. [Pp. vi -f 53. with 12 plates.] (Nankum, Ranchi, Bihar 
and Orissa: Indian Lac Research Institute, 1934. Rs.2/8.) 

Althouoh some lac is produced outside India much of what is produced 
outside finds its way into India via Calcutta and so India, including Burma 
and Assam, has a virtual monopoly of the industry. 

The Indian I.ac Research Institute was founded in 1925 as a direct result 
of the Government of India’s enquiry into the best moans of saving the 
industry which was seriously affectcxl by the Great War. The present volume 
gives a survey of the Indian lac industry, an account of the work of the 
Im^titute since its inception, and also deals with the present outlook. It 
should appeal to a wide public. 

On the discovery of aniline dyes the lac industry changed from being a 
trade in dye stuff to being a trade in resin, both in the unmeuiufactured 
state and as siiellac. Many industries use shellac, notably the gramophone, 
electrical and the paint and varnish trades. The hatting industry also con¬ 
sumes lac extensively. In addition shellac is used in finishing leather, rubber, 
tinfoil and paper ; in the manufacture of sealing wax, in photographic work, 
in lithographic inks ; in the conffH^jtionary trade, in munitions and fireworks ; 
in the toy and furniture trades and also in cements and glues. 

Since 1925 the chief danger to the industry has be<.m the over increasing 
use of substitutes, such os the resins of the phonolformaldehyde condensation 
tjrpo (the Bakelite products). So far, however, shellat? itself has not been 
synthesised. Such competition has opened up now fields of use, both for 
shellac alone and in combination with other resinous materials. 

This interesting account ends on an optimistic note, stating that it appears 
that the lowest level of the depression period 1ms been passed, and forecasts 
the fusion of shellac research interests in America, the United Kingdom and 
India. 

H. F. B. 


School of Biology. By C. Thesino, M.D. Translated by E, and C, 
Paul. [Pp. xii 4- 368, with 91 figirres.] (London : George Routledge 
A Sons, Ltd., 1935. 15s. net.) 

The drst feeling on discovering that one has undertaken to road 300 pages 
written entirely as a dualogue between a teacher A and his pupil B is one of 
dismay. However, the technique proves to be less tiresome than might be 
expected. It is difficult to visualise the character of B, who alternates between 
stupidity and erudition, complaining repeatedly that he is unable to com¬ 
prehend great and small hgures, and yet able to volunteer that 1,867,848 
barrels of oil were produced from whales in 1928-29. He seems to be an 
irritating and humourless fellow, but perhaps some of his more annoying 
remarks would have seemed more pleasing in their original German. 

The statement on the dust-cover that the book contains no **eiTcmi 
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of foot or of interpretation presents a target that challenges the sportsman¬ 
ship of a reviewer. One would disdeun to shoot at such a mark were it not 
for the dangerously biassed discussion in parts of the book, especially those 
dealing with eugenics. Wo have a first hint of this on p. 37 whore we read 
that a “ racial decline (dysgenic movement) . . . has manifestly been going 
on in Europe for many centuries.** Is it manifest to most people that we 
are so noticeably inferior to our forefathers ? Then later there is much of 
the familiar type of half truth and distortion of evidence which is only too 
common in discussions of these questions. A thorough-going policy of 
sterilisation is advocated, but nothing at all is said of the extreme difficulty 
of eliminating genetic factors in this way. We are simply told that “ oven 
if the community were to protect itself by only sterilising the worst cases 
. . . the good effect upon the general capacity and health of our population 
would become manifest within a very few decades.** 

Outside this section the biologist will find less with which to quarrel. 
Braohiopods are said to be Molluscs and to show “ kinship to certain worms.’* 
Although the relationship of Balanoglossiis to the Echinoderms is men¬ 
tioned yet this fact is held to show that the latter were evolved from bi¬ 
laterally symmetrical worms, and nothing is said of possible affinities with 
the Vertebrates. However, it would be unfair to stress the errors, for there 
are many subjects, difficult to handle in an elementary way, which are 
treated with considerable detail and accuracy. The book is full of interesting 
information and might be read with profit by schoolboys as a non-teohnioal 
introduction to Biology, provided always that they bo warned to mistrust 
the sections on Eugenios. 

J. Z. Young. 

Edixeatiozi and Biology. By J. A. Lauwbbys, B.Sc., A.I.C. With the 
assistance of F. A. Baker. [Pp. xvi -f 207, with 4 plates.] (London: 
Sands & Co., 1934. 5s.) 

The author of this book is very properly anxious that his purpose should 
be clear from the outset. It is to discuss the teaching of biology, especially 
to Catholics, and to give it a vitalistic bcisis which shall accord with the 
doctrine of the Roman Catholic Church. He is anxious that biology—of 
this kind—should not be excluded from Catholic schools. For ** it should 
be the task of Catholic teachers to prt^pare their pupils for the criticisms 
which they will undoubtedly meet in after life.** While, as he judiciously 
remarks, ** It is difficult to see how the Catholic cause would bo advanced 
by a policy which ensured that all biological posts, in the Colonies, for in¬ 
stance, were filled by non-Catholics.*’ 

Clearly such u book is of advantage to the Catholic doctrine. Certain 
statements which it contains make it perhaps questionable if it is an equally 
deserving contribution to science. For we are told that “ it is only profitable 
to communicate to the individual those data which he is by age, nature and 
constitution, adequately fitted to understand,” and that this is a maxim of 
the Church. Who is to perform the feat of judging what any individual is 
adequately fitted to understand, does not appear to be specified. Two 
other maxims of the Clmrch are also offered for our acceptance. “ Where 
innocence exists, it must not be disturbed,” while we are told that ” any 
decision of the Homan congregations are binding on her clergy and, teachers 
from the point of view of discipline, but not necessarily as matters of faith. 
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Thus a view frowned upon may be held privately and personally* but fwt 
prop€bffaUd ** (the italics are mine). Such views may read rather strangely 
to the many scientists who endeavour not only to discover the truth* but 
to teach what they believe the tiutb to be. 

The book criticises a number of biological theories and interpretations. 
This is always desirable, but it would be of more use if the subjects discussed 
had been brought up to date. One which receives si>ecial attention is “ the 
theory of genes *’ which, it is contended, explains almost everything except 
heredity^ in the biological sense. When isolate<i from the ideas of genotype 
and phenotype, and given without reference to the advances of modem 
physiological genetics* as it is here, this objection is naturally justifiad. When 
it is pointed out that, in e^ldition to these omissions* there is no mention 
anywhere in the book of the theory of dominance and of the concept of the 
gone-complex* which have so greatly modified our views on the evolutionary 
aspect of heredity, it will bo appreciated that this cannot bo regarded as a 
serious contribution to the analysis of modem genetics. 

These latter omissions necessarily affect the author’s treatment of evolu¬ 
tion itself. He takes the old view that selection merely preserves certain 
varieties and rejects others : a theory of survival, not of evolution. In 
neglecting the gene-comph)x, he fails to show that selection can alter the 
varieties themselves. Furthermore, ho does not point out that evolution 
is generally a failure—for it most usually loads to extinction ; a proposition 
which should colour any discussion on the subject. 

The errors of fact which this work contains are relatively unimportant. 
By reference to the appropriate text-books, students may easily correct for 
themselves the aocoimt of cytology given on pp. 11-12, or the statemont 
(repeated more than once !) that all mammals have seven cervical vertebras. 

The practical syllabus suggested for schools has considerable merits* 
though an account of photo-synthesis should bo added. The author does 
good work in stressing the nee^d for nature study outside the laboratory. He 
certainly seems to be right in insisting that instruction on sexual matters 
(if necessary) should not be given to classea of children, and that behaviour 
in children and adults must bo judged on very different criteria. 

Finally, mention must be made of on extraordinary mistake : the state¬ 
ment (p. 94) that variations taking a Normal Distribution are not inherited. 
In the section on genetics* the author has failed to develop the conoepte of 
genotype and phenotype ; here he has misunderstood them. 

E. B. Ford. 


MEDICINE 

Individual Health. A technique for the study of individual constitution 
and its application to health. By £. Obibbmbb. Vol. I: Bio¬ 
chemical Technique. By E, Obebheb and R. Milton. [Pp. 
xvi 4- 244* with 40 figures and 4 folding plates.] (London : Chapman 
Sl Hall* Ltd.* 1935. 15s. net.) 

This book merits careful consideration because it embodies rather a novel 
idea. In the past, the direct application of biochemical analysis to problems 
of clinical Medicine has, in the main* been concerned with specimens derived 
from patients already ill* with the object of detecting cuad diagnosing disease. 
But the present time is witnessing a gradual change in the centre of gravity 
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of Medicine from its curative to its preventive aspects* It seems a natural 
consequence that an attempt should be made to explore the possibilities of 
the use of biochemical analysis in the service of preventive Medicine. The 
present book consists essentially of two part>8. The more interesting, perhaps, 
is the short introductory section in which are explained the ideas which 
imderlie the work on which the authors have been engaged. Emphasis is 
laid on the study of constitution in its widest aspects and the constitution 
of an individual involves his chemical as well as his physical make-up. A 
wide and extensive series of analysis, as complete as possible, of the blood, 
food and excreta of numerous individuals of all types is therefore required. 
Two main purposes would be served by such a survey—^on increased know¬ 
ledge of the behaviour throughout life of the physical-chemical make-up of 
individuals and the development of q. method whereby tlireatened abnor¬ 
malities might be detected at the oarlieet possible stage. To enable extensive 
analysis such as are contemplated to be carried out efficiently and econom¬ 
ically, a special laboratory organisation and technique have been develope<l. 
The second part of the book—much the larger portion—describes this in 
detail. In a sense, of course, this part is independent of the general ideas 
already referred to and any reporting laboratory dealing with laige numbers 
of specimens may hnd useful suggestions within these pages. A second 
volume is promised dealing with the application of physical methods in the 
examination of individuals on a similar extensive scale, and it is indicated 
that later on we shall loam the results and practical effects of this ambitious 
enterprise. We shall then be able to judge how far it has been labour wisely 
directed. 

W. O. K. 


Rats, Lice and History. By Hans Zinssee. [Pp. xii + 301.] (Lon- , 
don : George Routlodgo & Sons, Ltd., 1935. 10«. Od. net.) 

The author, a professor of bacteriology in Harvard University Medical Sohoob 
has written this book as a hobby chiefly for liis own amusement, but partly 
also t-o stimulate the sympathy of the general reader in a subject of such 
wide interest os the influence of infectious diseases and their distributing 
agents rats and lice and fleas on the fate of nations and civilisations. 

Mr. Zinsser sots out to write a “ biography of typhus fever. It is only 
at the twelfth chapter after over two hundred pages of general history and 
many side issues unrelated to the story that the subject is introduced. The 
first two chapters are superfluous ; apologies are rarely necessary. Authors 
should not direct attention to their failings ; these are obvious to the reader. 
Humour is individual and misplaced in this book ; Mr. Zinsser seems so 
often to be laughing alone at his own jokes. Apart, however, from ill arrange¬ 
ment, irritating repetition, and above all his unrestrained habit of digression 
(though admittedly some of his bye paths are quite worth while), the author 
has given us an interesting and instructive book. He tolls us that typhus 
fever belongs to a family of maladies known as rickettsia diseases, to which 
trench fever, Japanese river valley fever. Rocky mountain spotted fever, 
etc., belong. It is conveyed to man by insects, lice, fleas and mites who 
have picked up the virus, the rickettsia bodies, from the infected blood of 
rats and mice, the natural reservoirs of the disease. 

Of the free living ancestral forms of riokettsia; nothing is known, they 
are probably allied to true bacteria. Few of us realise how much and how 
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often “ Man ” has been at the mercy of plagues which arrested his progress 
and all but annihilated the human race. Conceivably similar epidemics 
may have attacked preceding races, and the resultant of elimination and 
immunisation has been one of the natural selection factors in animal evolution. 

P. J. 

Furnaaux'a Human Physiology. Revised edition by William A. M. 

Smart, M.B., B.S., B.So., M.R.C.S., L.R.C.P. Nurses’ edition. 

[Pp. viii -f 348, with 210 figures.] (London, New York, Toronto ; 

Longmans, Green & Co., 1935. 4s.) 

PtTRNKAUx’8 HiTMAN Physioloov has for many years boon a popular book 
with nurses rmding for their States Examination, and others working for 
similar examinations. The new edition, thoroughly revised by Dr. Smart, 
presents an upd/O-dato account of the subject. 

One important feature of the book has always been the condensation 
of the very many facts of Human Physiology into a minimum of space. 
This feature of the book is maintained, and important matter and new words 
are emphasised by various forms of heavy typ<5. 

A number of the old diagrams have been replaced by new lino drawings 
and photographs. Should further editions l>e requirtMi, as they undoubtedly 
will, it might bo advisable to replace still more of the old line diagrams by 
new ones, and if the various parts of the anatomical sections could be labelled 
with either the name or the initial letters of the name of that part, rather 
than with numerals, this would help the elementary reader, who has so 
many things to remember when studying Human Pliysiology for the first 
time. 

A note in the Preface states that this book is available for schools with¬ 
out the chapter on reproduction. 

T. C. 


PHILOSOPHY AND THE HISTORY OF SCIENCE 

Aspects of Dialectical Materialism. By H. Levy and others. [Pp. 
vi -h 154.] (London : C. A. Watts & Co. 6s. net.) 

Aoooeding to the Foreword, the essays contained in this book are published 
“ in response to an m*gent demand from large numbers of interested indi¬ 
viduals that the philosophy guiding the practice of Modem Russia might 
be expounded in a form intelligible to the layman.” They can hardly be 
said to have mot the alleged demand. K one looks here for the meaning of 
Dialectical Materialism he will be told by Prof. Levy in the first essay that 
it is not dialectical, and by Prof. McMurray in the second that it is not 
materialism. Mr. Fox follows with a criticism of views attributed to Prof. 
McMurray which we cannot find in that gentleman’s essay, the essential 
points of which Mr. Fox scarcely considers. The opening of Mr. Page Amot’s 
essay tells us that Dialectical Materialism is the ” general method, which 
may also be regarded as the world outlook of Marxism,” and, in the same 
breath, that it is only one aspect of Marxism. Dr, Bemars essay begins: 
“Dialectical Materialism is the most powerful factor in the thought and 
action of the pi^esent day. Even its most bitter enemies are forced to recog¬ 
nise its analysis and ape its methods.” This fittingly introduces a discussion 
whose extremely unscientifio temper, astonishing in view of the occupation 
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axxd eminenoe of the author, m nowhere shown more surprisingly than in 
the absurd statements concerning physics—unless, indeed, the supreme thrill 
is reserved for the end, where an intelligible objection on the part of the 
“ interested individuals " for whom the book is written is met by the reply : 
“ The plain answer to this is to get Conununism first, and argue about it 
afterwards.*' (“ But,” he complains, “ that will not satisfy the philosophic 
critics.”) A criticism of the theory^by Mr. Carritt, followed by a note from 
Dr. Bernal explaining where Mr. Carritt has misunderstood or distorted 
the fundamental ideas of Marxism, concludes a volume which, with the 
exception of the contributions by Professors Levy and McMurray, is scarcely 
likely to appeal to readers who try to think scientifically. 

H. D. 

Pareto's General Sociology : A Physiologist's Interpretation. By 

pKor. L. J. Hkndkrson. [Pp. x 4- 119.] (Cambridge, Mass. : Harvard 

University Press ; London : Humphrey Milford, 1936. 6s. net.) 

The name of Pareto is not generally familiar to English ears—a fact much 
to be deplored in view of the fundamental importance of his sociological 
work in relation to current history. “It is a fact,*’ says the author of the 
book before us, “ that Signor Mussolini has attributed his abandonment of 
socialism to the teaching of Pareto **; and although Prof, Henderson does 
not approve of the description of Pareto as the Karl Marx of Fascism, it 
is clear enough that his work cannot be neglected by anyone who wants to 
imderstand what is happening in Europe to-day. It would be a mistake, 
however, to suppose that the book is merely topical. Pareto’s TnUUito di 
Sodologia Oenetale^ which was published in Florence in 1916 and translated 
into English and published in America in 1935 in four volumes under the 
title. The Mind and Society, is a thorough-going scientific analysis of the 
infiuence of the sentiments upon human affairs. It is closely related to the 
work of Machiavelli, and in consequence must overcome the initial handicap 
of prejudice before it can make its rightful appeal to critical consideration. 
To attempt in 300 words to summarise a 26,000-word summary of four 
closely reasoned volumes would be absurd. All we can say is that Prof. 
Henderson has given a clear and interesting account of a doctrine which 
deserves the fullest consideration. We cannot say from direct experience 
how accurate it is, but the reputation of the author and the fact that, althotigh 
found ultimately to be free from ambiguity, it is not to be understood with¬ 
out very careful reading (an essential characteristic of accuracy with such 
a high degree of condensation) are sufficient guarantee that we may read it 
with an easy mind. In temper and logical coherence it stands in striking 
contrast to the subject of the preceding review—a fact which suggests that, 
among scientific men, the most effective propaganda is that which has no 
intention of being propaganda at all. W© can recommend the book un¬ 
reservedly as a worthy introduction to an important subject. 

H. D. 


British Scientists of the Nineteenth Century. By J. G. CROwram. 
fPp. xii -f 382, with 12 plates.] (London: Kegan Paul, Trench, 
Trubner & Co., Ltd., 1936. 12s. 0d. net.) 

Mr. Crowthbr’s choice of the lives and work of Davy, Faraday, Joule, 
Thomson and Maxwell as the subject of his book is an admirable ona^ 
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although in thufl limiting himself to the chemistry and physics of a century 
which saw great achievements by Englishmen in other branches of science, 
he prompts the thought that a lees comprehensive title would have given a 
better indication of the scope of his work. This is, however, a minor criticism 
of a book which attempts, and to a considerable extent succeeds in, an 
explanation of the signifioanoe of the work of these groat men to the twentieth 
century. 

In an essay of sixty or so pages to each, their education and scientific 
development are described. The discussions of their important researches 
in relation to the progreas of scientific thought, and to industrial applications, 
are interesting, and often illuminating. Much biographical information not 
generally met with, for example, in the life of Joule and in the comparisons 
between Kelvin and Maxwell, is included. But Mr. Crowthor is also con¬ 
cerned to treat his subjects as sociological phenomena, and to show them 
in their relation to the “ capitalist industrialism ** of the nineteenth century. 
Here he is on more controversial ground. When he is led, in the pursuit 
of his theme, to make such assertions as that “ Davy’s chief greatness was 
in his work as an expositor of the significance of science, and as the voice 
of the industrialists who desired to apply science to the production of wealth,*’ 
the reader is inclined to put down his book, and dispute his conclusions. 

T. M. 


The Discovery of Specific and Latent Heats. By Douglas McKik* 
Ph.D., B.8c., and Nkils H. de V. Hkathcotk, B.Sc. With a fore¬ 
word by E. N. DA C. Andrade, D.Sc., Ph.D., F.R.S. fPp- 155, 
with 6 plates and 2 figures.] (London : Edward Arnold & Co., 1935. 
6s. net.) 

This voliune is a most welcome addition to the literature of the history of 
Physios, for it is the result of research into what has hitherto been a very 
obscure epoch, namely that of the beginnings of the scientific study of Heat. 
It is especially valuable as the authors have studied the work of the original 
workers in the languages in which they wrot<3. 

In those days of organised research with the finest and most sensitive 
instruments it is salutary to try to realise the difficulties and immense labour 
which were involved in laying sure foundations and to realise how slowly 
ideas which now appear commonplace were evolved. For this reason alone 
it behoves every student of Physics to study thi.H book, the main interest 
of which is centred around the work of the Scotsman Black (1728-99) and 
the Swede Wilcke (1732-96), who, working independently, were the first to 
evolve clear ideas in regard to latent cmd specific heats and so laid the 
foundations of the art of calorimetry. The authors show that Black’s work 
has priority over that of Wilcke by several years. Hitherto the work of the 
latter has not been available to English readers, which makes the book 
of unique interest, for here we have a full account of his experiments and 
can follow the progress he made in gradually realising the sources of 
error and his efforts to overcome them. 

A very interesting account is given of the attempts to find a mathe¬ 
matical formula for calculating the temperature attained by mixing two 
masses of water at different temperatures, a problem which occupied philo- 
mph/m of several oemntries for nearly a hundrod yeiura and which was solved 

3b 
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St Ismt by the Russian Richmann (1711-63). He was the first to realise 
clearly the difference between Heat and Temperature and thus played an 
important part in making progress possible. 

The authors have made a judicious selection of the resulta of the various 
experimenters, and their critical and sympathetic comments, enlivened by 
flashes of humour make the book very readable and we recommend it whole¬ 
heartedly to the attention of all serious students and teachers of Physios. 

E. NlGHTmOAIiB. 


MISCELLANEOUS 

The Poetical Works of Kenneth Knig^ht Hallowes. Vol. 1, 189R- 
1934. [Pp. xvi -f 211.] (London: Methuen & Co., Ltd., 1934. 
7s. 6d. net.) 

Again we have before us a volume of vers© by Mr. Hallowes. It is prefaced 
by an autobiography. Wo are there told of his work in the Geological 
Survey of India ; of how on retirement after eighteen years of that Service 
he proceeded to take Holy Orders; and of how at fifty-five years of age 
he has felt it desirable to collect his scattered poems. 

These in the present volume he separates into four groups, the final one 
entitled “ Poems of Science.” It is with notice of this last group that our 
review her© must perforce be content. To this group the author has attached 
a special ” Appendix,” by which he delivers himself of the message that 
in our day it is high time for Poetry to make a certain new departure. 
There is a call, he says, for Poetry to take as central theme the Natural 
Sciences themselves. One result which, he argues, will accrue from such a 
movement will be the enhanced interest in, and feeling for. Science com¬ 
municated to the man-in-the-stroet. 

The view thus put forward and the collection of verse in illustration of 
it received notice in these pages in July 1934. The ” poems of Sciesnee ” 
gain, we think, from being set as now within a less-restricted coneotion. 
Their geology comes with fresher effect by contrfiwt with more usual themes. 
If the scientific theme itself still fails somewhat in power to reach and stir 
the wells of individual emotion, these versos do yet convey to us an im¬ 
pression of their author as being truly moved by reflections which he would 
that his refikder shared with him even with feelings like his own. That 
close-up glimpse of the author, moved by communion with Nature, emerges, 
so it seems to us, as the upshot of main interest to the reader in these pages. 
That it should be so, tends, in so far, to confirm the view taken in our 
previous notice, that human personality rather than the impersonal foots 
and generalisations of Science has potency of poetical appeal. 

C. S. 8. 

Tlie World of Colour. By David Katz, Dr. Phil. Translated by R. B. 
MaoLbod, Ph.D., ana C. W, Fox, Ph.D. [Pp. xvi -f 300, with 12 
figures, including 1 plate.] (London : Kegan Paul, Trench, Trubner 
A Co., Ltd*, 1935. 15s. net.) 

This treatise is essentially a discussion of the psychological problems in^ 
herent in colour perception. Prof. Katz analyses, for example, psycho¬ 
logical characteristics of film and surface colours, lustre, memory colours. 
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after-images, the psychological relation of illumination to the appearance of 
achromatic and chromatic surfaoee and so on; but undoubtedly the most 
interesting part of the book is that in which the problem of colour constancy 
is debated. The nature of this problem can be understood from the simple 
experiment in which a black surface, when illuminated by an intense beam 
of light concentrated solely on the surface, appears to be white or whitish- 
grey ; but on the instant at which a piece of white paper is inserted in the 
beam, the black surface suddenly looks black. What are the mental associa¬ 
tions called into play to bring about such a result T This fascinating 
problem is discussed for a variety of conditions, all more complex than in 
the simple case quoted above. We cannot accept all of Prof. Katz's argu¬ 
ments and we would particularly challenge his dislike of physical and 
physiological purism. It is no doubt very praiseworthy to investigate the 
problems of visual perception as they occur in the highly complicated sur¬ 
roundings of our everyday life, but it is surely a thorny path to travel on 
the road to knowledge. Or does Prof. Katz regard thorns as having value 
in themselves f This criticism seems particularly relevant in view of our 
very scant knowledge of the physiological processes in vision, and as a 
particular example, we may quote the analysis of the effects of adaptation. 
It is impossible to say, with certainty, the part that adaptation may play 
in producing physiological modificationB of the visual responses and xmtil 
more infonnation is forthcoming, the psychological functions must remain 
indeterminate. Psychologists must, for the moment, wait upon physio¬ 
logists. For this reason we feel that the book is over-long. Wo cannot 
afford to be burdened with too detailed arguments on matters on which 
our views are liable to change as now facts are discovered. 

W. D. W. 


Sciance and the Human Temperament. By Eewin Schbodinokb. 
Translated and with a biographical introduction by Jaiocs Mubfhy. 
[Pp. 164, with 13 figures.] (London: George Allen & Unwin, Ltd., 
1036. 6d. net.) 

This is a book intended chiefly for the layman. In it Prof. Schrddinger 
considers the influence, on modem scienti^ views, of dominant ideas in 
other branches of human activity, such as literature, art, sociology and 
politics. It also contains some lectures which the author delivered on special 
occasions, such as that at Stockholm when he received the Nobel Prize. 

It may be said at once that there is not a dull page in the whole book, 
and that it makes both interesting and stimulating reading. 

In discussing the question ** Is science a fashion of the times ? " and 
pointing out the difference between HeUenio and Gothic science-—between 
static and dynamic views of nature—Prof. Schrddinger comes very near to 
the Spenglerian thesis regarding the morphology of science. He makes 
clear the infiuence of the Darwinian theory of evolution on the development 
of cosmogony. 

The effect of the prevailing temper of the age on physical science, the 
author classifies under three headings: (a) Simplicity and purposefulness in 
the arts and crafts: ** Just as we are no longer afraid of bare surfaces in 
our furniture and our dwelling-rooms, so in our scientific picture of the 
external world we do not try to fill up the empty spaces **; (6) Desire for 
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change and freedom from authority : “ There is to-day a profound scepticism 
in regard to traditionally accept^ principles ”; (<j) The idea of relativity 
and invariance: “A statement is very seldom simply either right or 
vrtcmg, but that nearly always a point of view is to be found from which 
it is right and another point of view from which it is wrong.” 

Other lectures discuss the moaning of laws of nature, the fimdamental 
ideas of wave-mechanics, the value of conci^tual models, and indeterminism. 
Here, unfortunately, a measure of obscurity enters into the authorns other¬ 
wise clear presentation owing to lack of definition of the terms used. The 
present reviewer has, for some time, been a voice crying in the wilderness, 
imploring the indetorminists to define the words they use so loosely ; chance, 
chaos, random motion, etc., etc. What, for instance, is the physical mean¬ 
ing to be attached to the phrase ** statistically regulated phenomena ” 
(p. 115 ) ? How has a method of dealing with munbors (statistics) become 
a cause in nature capable of altering the motion of bodies ? 

Questions such as this are bound to arise in the reader’s mind; and 
he will remember that all good science starts with clear definitions. It is 
this lack of clear definition of the terms used in the indeterminist’s description 
of nature that makes it so tmconvincing. It is to be hoped tliat Prof. 
Schrddinger will soon give us another book in which those lost lingering 
doubts are removed. 

0. Burniston Brown. 


The Tyraxmy of the Mind : A Common Sense Psychology. By 

Sir Bampfyldb Ftolbb, K.C.S.I., C.l.E. [Pp. 263.] (London: 

T. Werner Laurie, Ltd., 1936. Ss. 6d. net.) 

The contention of this ” common sense ” psychology is stated on the ' 
wrapper. ” We think of the Mind as the Body’s inspiring helpmate ; and, 
in fact, its early influence is of this kind. But it gradually thrusts its way 
into the position of a tyrant that drags our eyes from the steady beacons 
of experience and fixes them upon the passing brilliance of shooting stars. 
We might avoid these misdirections if wo reedised them ; and this boede 
traces their origin in the growth and working of our mental faculties.’* 
This statement is quoted because it not only indicates the piirpose of the 
volume, but also throws light upon the kind of ” common sense ” Information 
used in the construction of the argument. There is hardly a page in the 
book in which the professional psychologist of whatever school will not find 
assertions to which he would be obliged to take exception. Probably the 
author intended to anticipate this criticism by writing at the outset of 
Chapter I: ” We all know, intuitively, that we ore composed of Body 

and Mind, both of which are inspirited by Emotional Energy. This know¬ 
ledge is, however, confused by the language of psychology.” But if one 
writes a psychology, even if it also is to be ” common sense,” psychological 
terms must be employed; and they should be used in their technical 
signification. It is perhaps chiefly, though not entirely, because they are 
not 80 used in this book that the psychologist will find fault. The term 
” intelligence ” is an instance. The author writes of ** physical ” and 
” mental ” intdligence, and defines the latter as ” the analogical reproduction 
of ideas.” It is confusing to equate intelligence with reproduction; and 
thus close the door to novel discovery and invention. By ” physical ” 
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intalligenoe he means ** a faculty which can act independently of the Mind,** 
and by “ mind ** apparently a thinking substance (or power); for “ Purely 
physical life « . . includes sensory impressions, emotions and impulses, but 
not the ideas that would bring them into consciousness.** The foregoing 
is a sample, of many, of the unusual employment of psychological terms. 
Other criticisms, not merely terminological, will be raised against such 
assertions as that acquired experiences are transmissible, or that ideas of 
movement automatically reprotluoe themselves in conduct or speech. The 
old ideo-motor theory has been discredited. Apart from the subject-matters 
of criticism by the professional psychologist, the book is highly interesting, 
packed with information on a large range of topics, and abounding in illus¬ 
tration by simile and metaphor. Indeed, it would seem to be the author*8 
very free use of analogy that is responsible for the views the psychologist 
would criticise. 

F. A. 


Ancient Egyptian Materials and Industries. By A. Lucas, O.B.E., 
F.I.C., F.S.A. Second edition. [Pp. xii + 447.] (London : Edward 
Arnold & Co., 1934. lOs. net.) 

It would be diihoult to exaggerate the importance of this book for archaao- 
legists in general and for Egyptologists in particular. The latter often 
possess no more than an elementary scientific knowledge of the materials, 
whether raw or manufactured, which excavations in Egypt continually bring 
to light. To Mr. Lucas has fallen the onerous task of filling up the gap, 
and for this he has been admirably htted by his long experience as chemist 
in the Department of Antiquities undc^r the Egyptian Government. The 
first edition of his book AnctsTii Egyptian Materials appeared in 1026, the 
present book is practically a new work, re-written and abundantly enlarged. 
In the course of its 447 pages the learned author discusses the nature and 
source of every material employed by the ancient Egyptians, from gold and 
less precious metals to incense and cosmetics, supplementing his classifications 
by an invaluable description of the various industries which fiourished so 
many thousands of years ago. Among the latter the lively industry of 
mummification is accorded a detailed treatment, the author reaching a 
conclusion which many archceologists will find it hard to accept. He believes 
that the old view that the corpse was soaked for many days in a haih of 
natron solution can no longer be maintained, and that it was on the contrary 
packed with dry natron, thus avoiding the difficult process of desiccation 
which the soaking would have afterwards nt)oes 8 itat 0 d. 

If the author is to be congratulated upon his almost exhaustive treat¬ 
ment of the materials he should be doubly felicitated upon his attempt, in 
Chapter XV, to draw up a history of ancient Egypt in terms of her materials 
and industries and to relate these to the rest of the Eastern World; an 
attempt which should encourage others to give more thought to this im¬ 
portant subject. For the spread of modem scientific excavation over the 
East is rapidly depriving arohssology of its merely local applications of 
former days, and is forcing specialists more and more to extend the range 
of their studies over the ancient world in general. In the compilation of 
inankind *0 history Hr. Luca8*s subject must play one of the leading parts. 

Aijik W. Shobtkr. 
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Th 0 ZdantilBicatioii of Firearms. By Jaok D. GtmrHKB, A.B., l 4 L.B.« 
and Chablbs O. Gunthsh, M.E. PE^. xxviii + d42» with frontispieoe 
and 148 figoree.] (New York : John Wiley dc Sons, Ino.; London : 
Chapman & Hall, Ltd.# 1935. 20s. net.) 

In orimes of violence by shooting it is often of vital importance to be able 
to determine whether a fired cartridge case found on the scene of the crime, 
or a fired bullet extracted from the victim, was fired by one particular weapon 
foimd in the possession of a suspect man, or was not fired by this weapon. 
The authors of this book explain how this work of identification is carried out. 

Very briefly it can be stated that the principle on which this work is based 
is the fact that no manufactured metal surfaces can ever be microscopically 
identical, for even consecutive cuts made by the same tool leave spaces 
which have individual characteristics when viewed under the microscope. 
The pressure developed by the powder gases forces the base of the brass 
cartridge back against the steel breech of the weapon, and thus the softer 
brass becomes imprinted with the microscopic individuality of that particular 
weapon. 

Similarly every bullet which travels up a rifled barrel becomes engraved 
with the striations which comprise the microscopic individuality of that 
barrel. 

Thus it is that every weapon leaves what the authors aptly term its 
“ signature *’ on every cartridge case or bullet which is fired in it. 

The work of microscopic identification is explained, and the subject is 
covered fully and carefully; but the possibility of using any other instru¬ 
ment than a Comparison Microscope is not considered, and the illustrations 
are not always clear. 

Two-tliirds of the book are devoted to verbatim reports of different trials, 
one-third being occupied by the Saccho-Vanzetti case. 

The book, however, will be most useful to the professional investigator. 

Q. B. 


The Design of Experiments. By R. A. Fishbb, So.D., F.B.S, 
[Pp. xii + 252, with 5 figures.] (Edinburgh and London : Oliver A 
Boyd, Ltd., 1935. 12s. 6d. net.) 

The Qalton Professor of Eugenics is well known for the services which he 
rendered in the cause of agricultural science while associated with the Rotham- 
sted Experimental Station. New methods of experimentation, based on 
statistical principles, were invented by him, €md have since spread widely 
throughout the world. His well-known book, StatiiHcal Methods for Beaearch 
Workers^ first published in 1925, contains an aoooimt of the methods, but 
their importance, combined with the difficulty of providing for an adequate 
treatment of the subject in a general manual of statistical practice, has made 
a new work necessary. 

In the book under review Professor Fisher puts his knowledge of the general 
subject of experimental design, to which he has himself made many notable 
contributions, at the disposal of his readers. Much of the book is devoted to 
field experimental methods in agriculture, but it is not only students of this 
subject who will profit by the book. The aim rather is to show general 
principles, and to formulate the rules governing good design; the book 
should iqipeal, therefore, to all scientific workers who have recourse to 
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exporimenta for aid in advancing knowledge. The author begins by quoting 
from an essay of Robert Boyle of 1673 oonoeming the unsucoesefulness of 
experimcmts,** but this is only a prelude to a disquisition aimed at showing 
how they can be made suocessful, not necessarily, that is, in producing results 
at all cost, but rather in enabling clear and definite answers to be recorded 
on the questions put at the outset. 

A preliminary chapter on inductive inference and the “ logic of the 
laboratory ” paves the way for statements of h 5 q>othese 8 to be confirmed or 
refuted, and fbr discussion of the necessary statistical methods, based on two 
simple experiments. Field experimental methods follow, and there is little 
in this subject that is loft unsaid. In particular the results of recant researches 
on methods involving factorial design and ‘‘ confounding ’* are minutely 
described. In the concluding chapter the author deals with the measure* 
ment of amount of information, always a favourite topic with him, and there 
is much here, including applications to genetics, that will repay careful 
study. 

John Wishakt. 

The Scientific Journal of the Royal College of Science, Vol. V. 

[Pp. 138, with illustrations.] (London : Edward Arnold & Co., 1936. 

7s. 6d.) 

The subject matter of the fifth volume of this journal, which consists of 
some of the papers road before the aoientifio societies at the Royal College 
of Science, London, during 1934-35, is as varied and of the same high standard 
as that of its predecosBors. Eleven lectures are treated at length, others 
are summarised. Papers of interest both to the specialist and the general 
reader will bo found, and of the latter may he mentioned Prof. W. E. Gamer's 
paper on Solid Reactiona and Detonation^ Mr. D. Tabor’s An lntrod%iction to 
Televiaion and Mr. A. F. Baker’s lecture. The Significance of Smell, Dr. 
Hawling's contribution, Some Chemical Themea in Photography^ deals with 
photographic sensitive materials, outlining the method of preparing the 
sensitive film and discussing researches on the effects of exposure to light, 
the formation of the latent image and theories of development. Some Aspects 
of Timber Reaearch^ by Mr. W. P. K. Findlay, describes some of tlie work 
at the Forest Products Research Laboratory at Princes Risborough and 
shows the manner in which a commodity, timber, is receiving investigation 
in the hands of specialists in different fields of science ; ho gives particular 
attention to the decay of wood and the methods which are being tested at 
the laboratory for combating it, and also some interesting information on 
Dry Rot. 

A perusal of the book leaves a feeling of regret tliat more University 
Scientific Societies are not able to put on record at least some of the lectures 
delivered to them. 

F. W. J. 


The Subject Index to Periodioalei 1934. [Pp. xii + 566 columns.] 
(London: The Library Association, 1935. £3 10s. net.) 

The Library Association is to be congratulated upon its success in producing 
its annual Subject Index to Periodicals some six weeks earlier this year than 
last. To have listed and classified some 26,000 articles from some 600 
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journals and to have produced the resulting volume in a spaoe of eight 
months is a piece of work of which the editor, Mr. T. Rowland Powel, and 
his body of voluntary contributors may well feel proud. The value of the 
present volume is still further increased by the inclusion for the first time 
of much fuller bibliographical detail concerning the periodicals indexed. The 
title of each journal in the list is now followed by the address of the pub¬ 
lishers or learned society responsible for its issue, the frequency of publica¬ 
tion, and the price. This information will be of obvious advantage to those 
who wish to obtain copies of periodicals in which they are interested. 

The list of French and Gorman periodicals indexed has been revised 
under the guidance of a number of specialists and made more comprehensive. 
Nino additional foreign journals appear for the first time in this volume. 
If this list of titles still appears at first sight to omit a number of puldica- 
tions of obvious importance to English readers, it must be remembered that 
the Library Association very reasonably abstains from indexing periodicals 
already dealt with in the recognised specialistie indexes such as Engineering 
Abstracts or Index Modicus. 

J. W. 

The Cheznietry of Thought. By Ci.axjdb A. Cuoismont, B.Sc. [Pp. 

269, with 4 plates.] (London : George Allen & Unwin, Ltd., 1936. 

%8. 0«. net.) 

Mb. Clabemokt is known os an exponent of the Montessori system ; and 
he claims that the observation of children being c^iuceted by her method 
provides one of tlie best indications of the nature of the thought prooesses. 
Using this line of approach, ho analyses thinking into s€5ven elements, “ funda¬ 
mental happenings out of which all thoughts arc^ made up,’* These are 
** the complex unit ” (such os the power of walking or counting), the com- • 
bination of such units in systems, associative recall, the direct perception 
of causation, and the elements of conation, manipulation and character. 
The whole personality is involved in thinking. No claim of originUllty is 
made except in respect of the complex unit and the direct perception of 
catisation. Wliile this book is suggestive and provocative, it will meet with 
criticism not only at the hands of philosophers, but of psychologists also, 
on several counts. The statement that, though limited to certain of its 
types, we can apprehend causation in the external world by direct percep¬ 
tion is on assertion that is made but not proved. The one instance given 
of such a perception is drawn from our experience of ourselves as causes. 

“ Wo take a hammer to strike a nail, and it seems to us that we understand 
perfectly why the nail goes into the piece of wood ; how and why, if the 
wood be softer, the nail goes further, etc,” We certainly do. Maine de 
Biran would say it is because wo experience effort; others would point to 
the volition that causes the action ; but surely it is not solely on the strength 
of the perception of the nail penetrating the wood. There is a succession, 
which may be a sign of causality ; but it is not itself a cause. The author, 
however, wishes to enlarge the concept of causation to include that of neces¬ 
sity. Possibly this is why he claims a direct perception of causation in the 
sense he does. For clearly we may have direct awareness of reasons ; and, 
if these are to be equated with causes, no doubt he could support his case. 

A serious criticism lies also against Mr. Claremont’s treatment of the doeta^e 
of Noogenesis. He takes the solving of a crossword puzzle as a typical 



BBVIBWS 


777 

example to show that Spearman’s Principles cannot account for the mental 
prooeeses involved. They obviously cannot if some of them are ignored; 
and Mr. Claremont ignores all sa^re the noegenetic ones. Spearman would 
never have tried to account for the processes involved in crossword solving 
without making use of the quantitative principles as well as the noegenetic. 
Indeed, one of his own examples is precisely on the lines that should have 
led Mr. Claremont to sec how such puzzles are in fact solved—by a succes¬ 
sion of eductions and reproductions until the required solution of the clue 
is obtained. Despite such criticisms The Chemistry of Thought will well 
repay the attention of psychologists and educationalists. 

F. A. 


Unsolved Problems of Science. By A. W. Haslktt. [Pp. xi -f 317, 
with 6 figures.] (London : G. Bell & Sons, Ltd., 1935. 7s. 6d. not.) 

Mb. a. W. Haslbtt, scientific correspondent to the Morning Post, has 
aheady gained a reputation during recent years as a writer of popular scien¬ 
tific ortickis ; and he has done much to provide the intelligent public, who 
read their newspapers for serious and acciirate information, with reliable 
accounts of the practical concerns and problems of modem science, lu 
view of the “ sensational headline ” and “ hot nows ” complexes that most 
newspapers appc^ar to have formed where scientific discovery and advance 
are concerned, the presentation of these to the public by a responsible 
journalist with a proper scientific training is a reformation much to bo 
welcomed by all serious scientific people. That Mr. Haslett should here 
extend his work in this way is still more to be welcomed ; for he has very 
successfully summarised the present achievements of science and specially 
studied the problems tliat call for immediate solution in the future. After 
»describing appreciatively the unending quest of science, he proceeds to 
discuss the origins of the universe, the existence of other worlds than ours 
and the changes undergone by our planet in its long history. The next 
chapter on weather and the problem of forecasts is, to one reader at least, 
the most interesting in the whole book. Messages &om space, the origin of 
man, the begiimings of civilisation, the problem of whether man is a machine, 
the riddle of sex, nature’s building bricks, natural law and statistical prob¬ 
ability, and the strength of materials are dealt with in succeeding chapters. 
Every chapter is thoroughly well informed euid written in plain non-teohmoal 
words. The book should have an appeal, not only to the intelligent general 
reader, but also to students cmd teachers of science and to scientific readers 
in general, since the scientist trained in one field is usually little more than a 
general reader in others : it should certainly find a place in every public 
library as well as in school and college libraries. 


D. MoKib. 



BOOKS RECEIVED 

{Publishera art requMUd to not^y price^t.) 

Analytical and Applied Mechanics. By Guy Roger Clements, Ph.D., and 
Levi Thomas Wilson, Ph.D., Professors in the Department of Mathe¬ 
matics, United States Naval Academy. New York and London: 
McGraw-Hill Publishing Co., Ltd., 1935. (Pp. x -f 420. with 343 
figures.) 21s. net. 

Interpolation and Approximation by Rational Functions in the Complex 
Domain. By J. L. Walsh. Professor of Mathematics in Harvard Uni¬ 
versity. American Mathematical Society Colloquium Publications, 
Vol. XX. New York : American Mathematical Society, 1935. (Pp. 
X -f 382, with 3 figures.) $5.00. 

Factor Table giving the complete decomposition of all numbers less than 
100,000. Prepared independently by J. Peters, A. Lodge and E. J. 
Temouth, E. Gifford, and collated by the British Association Committee 
for the Calculation of Mathematical Tables. British Association 
Mathematical Tables, Vol. V. London : Office of the British Associa¬ 
tion, 1935. (Pp. xvi -f 291.) 20s. net. 

Geometry of Time and Space. By Alfred A. Robb, So.D., D.Sc., Ph.D., 
F.R.S. Cambridge : at the University Press, 1936, (Pp. viii -f 408, 
with 67 figures.) 21s. net. 

Astronomy. A Textbook for University and College Students. By 
Robert H. Baker, Ph.D., Professor of Astronomy in the University of 
Illinois. Second edition—Third printing. London: Macmillan Sc 
Co., Ltd., 1935. (Pp. XX -f 522, with frontispiece and 286 figures.) 
16s. not. 

A Treatise on Heat. (Including Kinetic Theory of Gases, Thermodynamics 
and Recent Advances in Statistical Thermodynamics). Being the 
second and revised edition of A Text Book of Heat. By M. N. Saha, 
D.Sc., F.R.S., Professor of Physics, and B. N. Srivastava, M.Sc., Lecturer 
in Physics, Allahabad University. Allahabad and Calcutta : The Indian 
Press, Ltd., 1935. (Pp. xii -f 815, with 2 plates, 257 figures and 76 
tables.) 

Sound. An Elementary Textbook on the Science of Sound and the Pheno¬ 
mena of Hearing. By Floyd Rowe Watson, Professor of Experimental 
Physics, University of Illinois. New York ; John Wiley Sc Sons, Inc,; 
London : Chapman Sc Hall, Ltd., 1935. (Pp. x -f 219, with 179 figures 
and 19 tables.) 12s. 6d. net. 


778 



BOOKS EBOEIVED 


779 

A Fugue in Cycles and Bels. By John Mills. New York ; D. van Nostrand 
Co., Ino. ; London : Chapman & Hall» Ltd.» 1936. (Pp. viii >f 269> 
with 34 figures and 4 tables.) IBs, 6d. net. 

Modem Views of Atomic Structure. By Dr. Karl East. Translated from 
the German by Dr. W. O. Kermack. London : Frederick Muller, Ltd., 

1935. (Pp. X -f 156, with 25 figures and 8 tables.) 7a. 6d. not. 

The Atom. By Professor E. N. da C. Andrade, D.Sc., Ph.D., F.R.S., Fellow 
of University College, London, Quain Professor of Physios in the Uni¬ 
versity of London. Nelson Classics. Inndon; Thomas Nelson A 
Sons, Ltd., 1936. (Pp. x -f 129.) Is. 6d. net. 

Thermionic Emission. By T. J. Jones, M.Sc., Research Physicist for Lissen 
Ltd., London, and for Pye Radio Ltd., Cambridge. Mothuen^s Mono¬ 
graphs on Physical Subjects. London : Methuen A Co., Ltd., 1936. 
(Pp. viii 4- 108, with 17 figures.) 3«. net. 

Electron Diffraction. By R. Beeching, A.R.C.S., B.Sc., Demonstrator in 
Physics at the Imperial College of Science and Technology. With 
a Preface by G. P. Thomson, F.R.8. Methuen's Monographs on Physical 
Subjects. London : Methuen A Co., Ltd., 1936. (I*p. viii -f 107, with 

1 plate and 39 figures.) 3a. net. 

Infra-Red and Raman Spectra. By G. B. B. M. Sutherland, M.A., Ph.D., 
Fellow of Pembroke College, Cambridge. Methuen’s Monographs on 
Physical Subjects. London : Methuen A Co., Ltd., 1935. (Pp. xii -f 
112, with 27 figures and 11 tables.) 3s. net. 

Force and Matter Anno 1935. By Dr. W. Tombrock. With a Preface 
by The Hon. Sir Shah Sulaiman, M.A., LL.D. Oxford : The Shake¬ 
speare Head Press, Ltd., 1935. (Pp. xii -f- 27.) 2s. net. 

The Revolution in Physics. By Ernst Zimmer. With an Introduction by 
Max Planck. Translated, and with a Preface, by H. Stafford Hatfield. 
London : Faber A Faber, Ltd., 1936. (Pp. xvi -f 240, with 58 figures, 
including 13 plates.) I2s. 6d. net. 

Laboratory Manual in Physics. By A. A. Knowlton, Ph.D., Professor of 
Physics, and Marcus O’Day, Ph.D., Assistant Professor of Physios, 
Re^ College. Second edition. New York emd London: McGraw- 
Hill Publishing Co., Ltd., 1935. (Pp. xii -f 137, with 67 figures.) 
7s. 6d. net. 

The Science Masters’ Book. Series II. Part I: Physics. Part 11: Biology, 
Chemistry, Experiments for Receptions. Being experiments selected 
from The School Science Review, by a committee of the Science Masters’ 
Association. Edited and arranged by G. H. J. Adlam, O.B.E., M.A., 
B.So. London: John Murray, 1936. (Part I: pp. xvi •+• 289, with 
217 figures. Port II: pp. xvi -f 267, with 97 figures.) 7s. 6d. net each. 

Flame. By Oliver C. de C. Ellis, M.Sc., Ph.D., F.I.C., F.R.P.S., A.M.I.Min.E., 
Head of the Flame Section, and William A. Kirkby, M.Sc., Ph.D., F.I.C., 
of the Flame Section, The Safety in Mines Research Board. Methuen's 
Monographs on Chemical Subjects. London: Methuen A Co., Ltd., 

1936. (Pp. vi -f 106, with 1 plate and 14 figures.) 3s. net. 



780 SOIENOB PROGEBSS 

Bleotrolytio Oxidation and Reduction: Inorganic and Organic. By S. 
Glai98tona» D.Sc., Ph.D.(Lond.), F.I.O., Lecturer in Physical Chemistry, 
University of Sheffield, and A. Hickling, M.So., Ph.D. (Sheffield), 
Assistant Lecturer in Chemistry, University College, Leicester. Vol. IX 
of a Series of Monographs on Applied Chemistry under the Editorship 
of E. Howard Tripp, Ph.D. London : Chapman & Hall, Ltd., 1935. 
(Pp. X -f 420, with 31 figures and 61 tables.) 25$. net. 

Principles cmd Applications of Eleotroohomistry. Vol. II: Applications. 
By W. A. Koehler, Professor of Cliemical and Ceramic Engineering, 
West Virginia University. New York : John Wiley & Sons, Inc.; 
London : Chapman & Hall, Ltd., 1935. (Pp. xiv 4- 545, with 246 
figures and 35 tables.) 25s. net. 

Lehrbuch der organischen Chemie. By Paul Karrer, Professor an der Uni- 
veisitat Zurich. Fourth edition. Leipzig: Georg Thieme, 1936. 
(Pp. xxiv 4- 965, with 1 plate, 3 figures and 39 tables.) BM.34.—, 
paper covers ; KM.36.—, boimd. 

The Chemistry of Milk. By W. L. Davies, Ph.D. (Cantab.), D.Sc. (Wales), 
F.I.C., Research Dairy Chemist and Analyst, National Institute for 
Research in Dairying, Shinfield, nt«ur Reading. Being Vol. X of a 
Series of Monographs on Applied Chemistry imder the Editorship of 

E. Howard Tripp, Ph.D. London: Chapman & Hall, Ltd., 1936. 
(Pp. xii 4- 522, with 26 figures and 126 tables.) 25s. not. 

A Laboratory Course in Elementary Chemistry. By E. B. R. Prideaux, 
M.A., B.Sc.(N.Z.), D.So.(Lond.), F.I.C., and F. C. Laxton, B.Sc.(Lond.), 
A.I.C., both of University College, Nottingham. London : William 
Heinemann, Ltd., 1935. (Pp. xiv 4- 25B, with 37 figures.) 3s. 

The Book of Minerals. By Alfred C. Hawkins. Now York ; John Wiley 
A Sons, Inc.; London : Chapman A Hall, Ltd., 1935. (Pp. xii 4- 161, 
with 5 plates and 62 figures.) 7s, 6d, net. 

The Structure of the Alps. By IA)n W. Collet, D.Sc., LL.D., Professor of 
Geology and Palaeontology in the University of Geneva. With a Fore¬ 
word by O. T. Jones, D.Sc., F.R.S. Second edition. London : Edward 
Arnold A Co., 1936. (Pp. xvi + 304, with 12 plates and 64 figures.) 
20 s. net. 

Tertiary Faunas. A Text-book for Oilfield Paleontologists and Students of 
Geology. Vol. I: The Composition of Tertiary Faunas. By A. Morley 
Davies, D.Sc., A.R.C.S., F.G.S., Hon. F.R.G.S., Late Reader in Paheon- 
tology in the University of London (Imperial College of Science and 
Technology). London : Thomas Murby A Co., 1935. (Pp. xii 4- 406, 
with 565 fii^res.) 22s. 6d, net. 

Invertebrate Paleontology. By William H. Twenhofel, Professor of Geology 
and Paleontology, and Robert R. Shrock, Assistant Professor of Geology 
and Paleontology, University of Wisconsin. New York find London : 
McGraw-Hill Publishing Co., Ltd., 1935. (Pp. xvi 4- 511, with 175 
figures,) 30s. net. 

Kenya. Contrasts and Problems. By L. S. B. X^eakey, M.A., PkD., F.S*A., 

F. R.A.I. London: Methuen A Co., Ltd., 1936. (Pp. xvi 4- 189, 
with 8 plates.) 7s. 6d* net. 



BOOKS RBOEIVBD 


781 

Soviet Geography. The New Industrial and Economic Distributions of the 
U.8.8.R. By N. Mikhaylov. With a Foreword by The Rt. Hon. Sir 
Halford J. Mackinder. Lan<ion: Methuen & Co., Ltd., 1&S5. (Pp. 
XX + 232, with 38 maps and 20 tables.) 10s. 6d. net. 

Salinity and Temperatiue of the English Channel. Estimation of Mean 
Values for the Upper Water Layer over the 25-Year Period 1903 to 1927. 
By J. R. Lumby, Fisheries Laboratory, Lowestoft. Ministry of 
Agriculture and Fisheries, Fishery Investigations, Series II, Vol. XTV, 
No. 3, 1935. London : H.M. Stationery Office, 1935. (Pp. 151, with 
8 dgures and 16 tables.) 7s. net. (Atlas of Charts sold separatelyi 
20 s. net.) 

Intermediate Botany. By L. J. F. Brimble, B.So. (Lend, and Reading), 
Associate of University College, Reading. London : Macmillan A Co., 
Ltd., 1930, (Pp. viii 4- 562, with 337 figures.) 8s. 6d. 

Pollen Grains. Their structure, identification and significance in science and 
mcHlicine. By R. P. Wodehouse, Ph.D., Scientific Director of the Hay- 
fever Laboratory, The Arlington Chemical Company, Yonkers, New 
York. McGraw-Hill Publications in the Agricultural and Botanical 
Sciences. New York and London : McGraw-Hill Publishing Co., Ltd., 
1935. (Pp. xvi + 574, with 14 plates, 123 figures and 6 tables.) 36s. net. 

The Story of the Plant Kingdom. By Merle C. Coulter, Professor of Botany, 
The University of Chicago. U.8.A.: University of Chicago Press; 
Great Britain and Ireland : Cambridge University Press, 1935, (Pp. 
X + 270, with 119 figures.) 13s. 6d. net. 

Tropical Planting and Gardening. With special reference to Ceylon. By 
H. F. Maomilleui, Late Su|)erintendont, Royal Botanic Gardens, Ceylon, 
and Adviser to the Anglo-Persian Oil Company. Fourth edition. Lon¬ 
don ; Macmillan & Co., Ltd., 1935. (Pp. x -f 500, with 4 plates and 
numerous text figures.) 25s. net. 

The Living Garden or The How and Why of Garden Life. By E. J. Salis¬ 
bury, D.Sc., F.R.S. London : G. Bell & Sons, Ltd., 1935. (Pp. xii -f 
338, with 17 plates and 60 text illustrations.) 10s. Od. net. 

Vergleichende Morphologic der hOheren Pfianzen. VoL I: Vegetations- 
organe. Part 1. By Dr. Wilhelm Troll, o.Professor der Botemik an der 
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Pharmacognosy, Chelsea Polytechnic. With illustrations and drawing 
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Chief Engineer, Indian State Railways (Retd.). With a Foreword by 
Colonel Sir Gordon Risloy Hearn, C.I.E., D.S.O. London ; The Tech¬ 
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in conjunction with the Directors of the American Eugenios Society. 
New York : John Wiley A Sons, Inc. ; London ; Chapman A Hall, Ltd., 
1935. (Pp. X -f- 139.) 6«. net. 

The Next Himdrod Years. The Unfinished Business of Science. By 0. C. 
Furnas, Associate Professor of Chemical Engineering, Yale University* 
liondon: Cassell A Co., Ltd., 1936. (Pp. xx -f 386.) Ss. 6d. net. 



INDEX TO VOL. XXX 
(1935-1936) 
GENERAL INDEX 


Aberdeen, ohangoe in climate, 663 
Acouatic abeorbenta, 400 
Accumulator, ohemietiy of lead, 342; 

Pb-Ca alloya, 710 
Acetaldehyde, photolyaie of, 102 
Acetylcholine, 260 
Acetylene, polymerisation of, 485 
Achievements of a Great Engineer, 
W. J. Goudie (Ea^y Review)^ 
143 

Agricultural Physiology, Recent Ad- 
vanoos in, A. Walton, 610 
Alga), alpine, 684 ; life history of, 602 
Allone oompounds, resolution of, 471 
Alloys, equilibrium of, 629 
Almandite, genesis of, 625 
Alumina and plant growth, 310 
Aiuminium, disintegration of, 20, 26 
Aluminous cement, 40; constituents, 
41 ; reaction with water, 41 
America, early man in, 515 
Ammonia in planetary atmosphere, 280 
Amylase, oiystalline, 671 
Andrade (E. N. da 0.)t Ultimate Strength 
of Metals, 593 

Animal Behaviour, The Interpretation 
of, J. A, Bierens de Haan, 243 
Animal behaviour, behaviouristic inter* 
pretation, 246; criteria of, 247; 
physiological causes, 243 ; reasons 
for interpretation, 250 ; subjective, 
24ii, 249 

Animals and sex glands, 510 
Anorthite, transformation of, 617 
Anthropological measurements, 701 
Ant-lion, rcmexes in, 244 
Anti-malarials, Synthetic, W. O. Ker- 
mack, 457 

Apples, vitamin oontent, 621 
ArocAts, geotropic response in, 500 
Amuoariat age and distribution of, 203, 
205, 206 

ArohsBOlogy, Recent advances in, E. N. 
Fallaize, 123, 613 

Arctic flora of the past, 199, 201, 203, 
209, 211-13 
ArmaHa humifum, 311 


Armstrong (H. E.), Our Blind Neglect of 
Knowledge {Esaay Review), 346 
Artocarpua, age and distribution of, 216 
Astronomy, RcKient Advances in, R. W. 

Wrigley, 77. 278, 460, 652 
Atactosol, 220 

Atebrin, as an anti-malarial, 458 ; treat¬ 
ment for malaria, 337 
Atmosphere, absorption of heat by, 6; 
electrical oliaracteristics, 11 ; elec¬ 
tro-magnetic waves in, 14 ; ozone 
in, 7 ; temperature variations in, 1, 
2, 6; The Incalculable, R. A. Wat¬ 
son Watt (Easay Review), 640 ; The 
Upper, G. M. B. Dobson, 1, tempera¬ 
ture of, 342 

Atropine, action of, 264 
Audiphone, Western Electric Co. pat¬ 
tern, 627 
Aurora, 12, 16 

Auxin, 313; extraction, 314 ; teat for, 315 

Bacteriophage, in treatment of disease, 
623 ; nature of, 667 
Baldwin's phosphorus, 636 
Banies (H. F.), Recent Advances in Ento¬ 
mology, 116, 503 

Bates (L. F,), RcK3ent Advances in Phy¬ 
sics, 82, 283, 465 

Beak marks of birds on butterflies, 632 
da Beer (G. R.), The Cranial Muscles of 
Vertebrates {Eaaay Review), 722 ; 
and o^ers, Recant Advances in 
Zoology, 317 

Beidellite, composition of, 430 
Beiibv layer, 87, 89 
Bel, aeflnition of, 389 
Bentonite clays, 424 
Bernal (J. D.), Ihe Solid State of Matter 
(Eaaay Review), 546 
Beryllhim, disinteg^tion of, 286 
Betulaceaa, floral structure of, 687 
Biochemistry, Recent Advances in, W. 

O. Kermaok, 295, 667 
Biological control, 118, 506 
Birds do Attack Butterflies, G. D. Hale 
Carpenter, 628 

3m 


786 



786 OENEBAL INDEX 


Blowflies, chemooeceptors of, 122 
Bologna phosphorus, 637 
Bond (W. N.), Recent Advances in Phy¬ 
sics, 657 

Books received, 186, 379, 583, 778 
Boron, disintegration of, 21, 24, 266 
Botany, Recent Advances in, E. J. Salis¬ 
bury, 113, 310, 499, 683 j Anaton^y, 
313 ; Cryptograms, 602 ; Cytology, 
312, 502, 686; Ecology, 310, 499; 
Morpholo^, 500, 686 
Boulders, glaci^ nature of, 674 
Bowen’s reaction-series, 617 
Boyle and discovery of phosphorus, 405 
Brady (O. L.), Recent Advaticos in 
Gkmeral and Organic Chemistry, 91, 
471 

Brammall (A,), Mineral Transformations, 
and their Equations, 616 
Brand and discovery of phosphorus, 403 
Breadfruit tree, age and distribution of, 
216 

Butterflies and bird attack, 272, 628 
Butterfly miration and attack, 633 
Buxton (L. H. Dudley), Recent Advances 
in Physical Anthropology, 326, 697 

Cancer cells, growth in, 336 
Carbohydrate changes in mtisole, 296,300 
Carbon, disintegration of, 21 
dioxide in planetary atmosphere, 280 
Carpenter (G. D. Hale), Birds do Attack 
Buttex^es, 628 
Cathode ray oscillograph, 69 
Cell receptor patches for drugs, 265, 258 
Cells, fixation of drugs by, 254 ; growth 
of, 336, 614 

Cements, aluminous, 40 ; composition of, 
33 ; Hydraulic, F. M. Lea, 31; phase 
diagrams for, 34 ; aee dlao Portland, 
32 

Cerddiphyllumt age and distribution of, 
210 

Cereals, germination and temperature, 
646 

Chemistry, General and Organic, Recent 
Advances in, O. L. Brady, 91, 471 
Cholera research, 623 
Clay, content and climatic factors, 500; 
mineralogy and chemistry of, 109 
Minerals, Constitution of, C. £. Mar¬ 
shall, 422; cation exchange in, 431; 
ferrous, 426; identification by X- 
rays, 428; refractive index deter¬ 
mination, 429 ; structure, 429 ; 
X-ray analysis, 423, 425 
soils, 680 

Clays, colloidal orientation, 426 ; varved, 
68 

Climate, osid soil, 682; inoreasing tem¬ 
perature of winter, 663 
Coal, consumption and electricity, 712; 
Petrology of Banded Bituminous, 
331 


Coleoptera, symbiosis in, 119 
Colloidal sols, refraction and age, 227 
Solutions, Optical Anisotropy of, H. 
Freundlioh, 218 

Colorado beetle in England, 120 
Comber (N. M.)# Recent Advances in 
Pedology, 109, 680 
Conifers, distribution of, 200 
Conductors, poor electrical, 82 
Copper surface, films, 90 
Cranial Muscles of Vertebrates, 0. R. do 
Beer (Etaay Review)^ 722 
Creatine and muscular exercise, 301 
Crystal structure, changes in minerals, 
617 ; theories of, 608 
Crystals, glide in, 597. 603 ; hardening 
of, 694, 599, 608 ; strength of poly- 
crystals, 608; surface cracks in, 600 ; 
theories of, 604 ei »eq. 
single, preparation of, 696 ; strength 
of, 694, 599, 608 

Crystalline structure and strength, 693 
Cupressus^ distribution of, 200 
“ Curie ” point, electrical, 468 
Cyoads, age and distribution of, 206 

Decibel, definition of, 389 
Deuterium in organic compounds, 94 
Diamond, types of, 602 
Dichroism, 220 

IHc^yaphylltm^ age and distribution of, 
198 

Differentiation, Control of, H. H. Dixon, 
611 

Dijptera, hibernation of, 121 
Dtpteris, age and distribution of, 198 
Dityndallism, 220 

Dixon (H. H/)* Control of Differentiation, 
611; Translocation in Plants {Essay 
Review), 726 

Do Birds attack Butterflies T, L. Rich¬ 
mond Wheeler, 272 

Dobson (G, M. B.j, The Upper Atmo¬ 
sphere, 1 

Double refraction, lamellar, 222 
Drosophila, chromosome of, 697 
Drugs, action and chemical structure, 
259. 264 ; action on nerve endings, 
261 ; amount fixed by cells, 264; 
and cell receptor patches, 256, 268 ; 
as humoral substitutes, 262; car¬ 
diac, 254; choline esters as, 265; 
concentration and action, 257; 
How they Act, H. R, Ing, 262; 
neurohumoral theory of, 260; para¬ 
sympathetic, 200, action of, 261; 
size of molecules of, 263, 266 ; 
specificity of, 266; temperature 
coefficient, 257 

action, at cell surface, 268, 256, 266, 
and interior, 256; quantitative 
stuefy, 253 

Dimlap Observatory, 666 
Dust in mines, 334 




GENERAL INDEX 


787 


Early man, in America, 515 ; in East 
Anglia, 514 : placte of origin, 613 
Earth, core of, 78 ; Earth-islune, 279 
Earth’s atmosphere, spectrum analysis, 
279 

Eckst Anglia, early man in, 514 
Electrical rniits, clmnge of, 526 
Electromagnetic unit, Kellstrdm value, 
626 

Electron charge, value of, 283, 661 
Electrons in upipor atmosphere, 14 
Elsholtz and discovery of phosphorus, 
404 

Entomology, Recent Advances in, H. F. 
Barnes, 116, 503; Coleoptora, 119, 
506 ; Diptera, 121, 608; Hemiptora, 
121; Hymonoptora, 121, 507 ; Lepi- 
doptera, 120, 607 
Enzymes, crystalline, 670 
Epidemic fever, 624 
Epilobium adenocatUon in Britain, 312 
Eserine, 269 ; action of, 263 
EuodLyptuat age and distribution of, 200, 
216 

Evolution, undeviating, 699 
Exposure, photographic, definition of, 
434 

Fallaiza (E. N.), Recent Advances in 
Arohieology, 123, 613 
Fermi, 21, 23 

Ferns, age and distribution of, 198, 199 

Fire waling, 712 

Floors, noise transmitted by, 399 

Fluorescence, cause of, 636 

Folsom culture, 516 

Food, storage and transport, 621 ; value, 
as estimated by crude fibre, 702 
Forest soils, decomposition in, 447 
Formaldehyde, polymerisation of, 481 
Fossils, and plant migration, 193 
Fowler’s treatment of conductors, 86 
Freundlich (H.), Optical Anisotropy of 
Colloidal Solutions, 218 

Galaxy, form of, 620 
Garstang (W.), and others, Recent 
Advances in Zoology, 691 
Gastrulation and intra-vitam stains, 320 
de Geer’s calculation of glacial time, 67 
Geigor-MfiUer tube counter, 18 
Gene, lethal, in mice, 695 
Geology, R^ent Advances in, G. W. 
T^\h 104. 302, 491, 672 ; Igneous 
rooks, 104; Metomorphic rooks, 
306; Sedimentary rocks, 302; 
Stratigraphy, 491, 672 
Qifdcgot ^d distribution of, 207 
Gior|^ system of units, 271 
GUk^tion, dating by de Geer’s method, 
67 

OUichema, age and distribution of, 199 
Glide in crystals, 597, 603 ; theories of, 
eXAetaeg. 


Glycolysis and muscle enzyme, 301 
Glyptoatrobus, age and distribution of, 203 
Gmthite sols, 227 
Gold surface, films, 89 
Goudie (W. J.), Achievements of a 
Great Engineer (Esaay Review), 143 
Grafting experiments in animals, 319 
Graham sols, behaviour of, 226, 230 
Gramme-oalorie, definition of, 268 
Orifiitlus theory of surface cracks, 600 
Growth hormones. 813 

H», mass of, 288 

de Haan (J. A. Bierens), The Interpre¬ 
tation of Animal Behaviour, 243 
Halloyaitc, composition of, 424; struc¬ 
ture of, 430 

Hauemannia, age and distribution of, 108 
Hearuig, threshold of, 389 
Hill {aiT Arthur), The Living Garden, 
{EMoy Review), 714 

Hinshelwood and unimolecular reac¬ 
tions, 97, 99 

Homberg and discovery of phosphorus, 
409 

Hornblende, aggradation of, 623 
Houses and noise abatement, 396, 399, 
401 

Howe (Q. W. O.), 85nnbols, Units and 
Nomenclature, 268 

Hydrogen, oo-volency of, 91 ; effect, 25 ; 
isotope, mass 3, 24 

Ice Age in Britain, Dating the, W, J. 
McCalUen, 67 

Iceland, vegetation of, 499 
Industrial Phvsics, H. Lowery, 67 
Injection of shoots, 46 
Tng (H. R.), How Drugs Act, 262 
Ins€9Cts, as virus vectors, 415 ; biological 
control of, 118 ; loss of water from, 
118, 504; met€unorphoais, 116; 
moulting of, 117 
Insemination, artificial, 512 
Insulators, surface of, 91 
Ireland, arohssology in, 128 
Iridium, isotopes of, 710 
Irish elk, survival of, 128 
Irving (H.)» Pharaoh’s Serpents, an 
Historioal Account, 62 
Isotopes, investigation by A. J. Demjp- 
ster, 341; stable and unstable, 28 

Jones (H. Spencer), New Pathways in 
Science (Easay Review), 630 
Junipers, rate of growth, 311 

Kaolin minerals, composition of, 424 
Kaye (G. W. C.), Sound and Noise, 386 
Kenya, early man in, 123 
Kerguelen Archipelago, flora of, 204 
Kermook (W. OJ, Recent Advances in 
Biochemistiy, 296, 667 ; Synthetic 
Anti-Haloriols, 467 



GENERAL INDEX 


788 

Kirchmaier and diacovery of phosphoms, 
403 

Kraft and discovery of phosphorus, 403 
Kunckers reports on disooveiy of phos¬ 
phorus, 402 

Laccopkris, age and distribution of, 198 
Lamprey, physiology and structure of, 
318 

Lamps, modem electric, 68 
Lea (F. M.)» Hydraulic Cements, 31 
Leishmannia Donovani, transmission of, 
624 

lA^nard phosphors, 637 
I«ength, international standard, 138 
Lenses for 200-inch telesor^pe, 654 
Lopidoptera, light adaptation in, 120 
Leptospermum, age and distribution of, 
216 

Libocedrua^ age and distribution of, 202 
Light, velocity of, 667 
Lignin, aerobic deooraj)oaition, in plant 
materials, 442, of isolated, 446; 
anaerobic decomposition in plant 
materials, 447; biological availa¬ 
bility of, 451 ; Biological Decom¬ 
position of, A. G. Norman, 442; 
decomposition, effect of tempera¬ 
ture on, 444, effect of organisms on, 
446, in wood, 460; determination 
of, 461 

Lindblad, theory of, 77 
Liriodendron^ age and distribution of, 
208, 209 

Living Garden, Sir Arthur Hill (Essay 
Review) f 714 

Lockerstruktur of crystals, 603 
London, climate of, 289; changes, 294 ; 
humidity of atmosphere, 293 ; rain¬ 
fall in, 289; sunshine in, 292; 
temperature, 291 
Loudness, levels of, 392 
Lowery (H.), Industrial Physics, 67 
Luminescenoe, cause of, 630 
Lysenko, and vernalisation, 647 

van Maanen motion in spiral nebulie, 464 
McCallien (W. J.)y Dating the loe Age in 
Britain, 67 

Magnesium, disintegration of, 20, 26 
Magnetic double refraction. 218, 226; 
storms, 12, 16; variations and 
sunspots, 13 

MagnoUa, age and distribution of, 208 
Maidenhair tree, age and distribution of, 
207 

Maise, vernalisation of, 649 
Malaria, treatment with atebrin, 337 
Man, evolution of, 699 
Maps, sctale of, for Great Britain, 706; 
for TT.B.A., 704 

Marshall (C. E.), Constitution of Olay 
Minei^, 422 

Mass spectroscope, design by A. J. 
Dempster, 341 


Mathematics, Recent Advances in, E. 
Maitland Wright, 72; van der 
Corput’s method, 72 
Matonia, age end distribution of, 198 
Meo (A. J.). Phosphorcseenco and Phos¬ 
phors, 635 

Melville (H. W.), Recent Advances in 
Physical Chemistry, 90, 480 
Mercury, single crystals of, 699; thio¬ 
cyanate, discovery, 62, poisonous 
nature, 64, use in Pharaoh’s 
Serpents, 63 

Metal surface films, examination by 
X-rays, 88 

Metallic films, crystallisation of, 602 
Metals, strength of and crystalline struc¬ 
ture, 693 ; surface temperature of 
slidii\g, 663 ; Ultimate Strength of, 
E. N. da C. Andrade, 593 
Meteorites, spectra of, 81 ; velocity of, 
81 

Meteorology, Recent Advances in, E. V. 
Newnham, 289, 663 

Meteors, cosmioal origin of, 80; origin 
of, 79 

Methane in planetary atmosphere, 280 
Mica, strength of, 601 
Michelson and velocity of light, 667 
Mimiciy and butterfly attack, 274, 628 
Mineral IVansformations, and their 
Equations, A. Brammall, 016 
Minerals, X-ray analysis, 423, 425, 428 
Monterey C^Jypress, distribution of, 200 
Montgomeryshire, ethnology of, 332 
Montmoriilonite, analysis of, 424 ; struc¬ 
ture of, 429 

Moon, effect on velocity of light deter¬ 
mination, 660 ; nucleus of, 79 
Moonlight measurement, 119 
Mosaic disease in tobacco, 414, 668; 

structure of crystals, 603 
Motor-homs, noise of, 394 
Muscarine, 259 

Muscular exercise, biochemistry of, 295 
Myosin, gels, 231 

National Gallery, Physical Laboratory 
at, F. I. G. Rawlins, 286 
Nebulse, internal motions in spiral, 464 
Nebulosity, expanding, 283 
Neutron, discovery of 17; activation 
by, 23 

New Pathways in Science, H. Spencer 
Jones (Essay Review), 530 
Newnham, E. V., Kcnsent Advances in 
Meteorology, 289, 663 
NiooPiana, species crosses of, 114 
Nitrogen, disintegration of, 16 
Noise, abatement of, 394, and housing* 
396 ; definition of, 386; in everv- 
day life, 392 ; measurement of, 388; 
meters, 391; motor vehicles, 393; 
psychological effect, 380; road- 
transport, 393 
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by, 283 

(Estrufl and ovulation in animals, 511 
Oils, drying of and polymerisation, 484 
Olivine-dolerite transformation, 624 
Optical Anisotropy of Colloidal Solu¬ 
tions, H. Frc^uridlich, 218 
Orchestra, energy output, 387 
Orowan’s theory of crystal glide, 006 
Osmunda regalis^ distribution and ago of, 
197 

Ossification, defective, 319 
Oatrocoderm, affinities, 695 
Our Blind Neglect of Knowledge, H. E, 
Armstrong {Easay Review), 345 
Oxygon, debt, 295; in planetary 
atmosphere, 270 
Ozone in atmosphere, 7 

Paper, fumigation of, 711 
Parthenogenesis in plants, 312 
Partington (J. H.)» Early History of 
Phosphorus, 402 ; Science in Bagh¬ 
dad in the Ninth Century (Essay 
Review), 718 

Pedology, Recent Advances in, N. M, 
(>)mber, 109, 680 
Pepsin, crystalline, 670 
Permeability, magnetic, 269 
Petroleum, origin of, 479 
Pharaoh’s Serpents, an Historical Ac¬ 
count, H. Irving, 62 ; substitutes 
for, 65 

Phon, definition of, 389 
Phosphagen, breakdown in muscle, 298 ; 

synthesis, 800 
Phospho-pynivic acid, 299 
Phosphoresoenoe, and Phosphors, A. J. 

Mee, 635; cause of, 636, 641 
Phosphors, activation by heavy metals, 
638; aluminium. 641; cause of 
phosphoresoenoe in, 641; Lenard, 
637 ; spectra of. 640 ; uses of, 642 ; 
Wiedemann, 642 

Phosphorus, Early History of, J. R. 

Partini^n, 402 ; glow of, 636 
Photo-electric cells, 59 
Photographic image, density of, 435 
Photography, characteristic curves, 435 
ei seq ,; Direct Reversal Process, 
P. C. Smethurst, 484 
Photolysis of acetaldehyde, 102 
Photoperiodism, 645, 649, 651 
Phthaloeyanines, 94 
Phyoomyoetes in Denmark, 114 
Physical Anthropology, Recent Ad¬ 
vances in, L* H. Dudley Buxton, 
326, 697 


Physical Chemistry, Recent Advances 
in, H. W. Melville, 96, 480 
Physics, Institute of, Conference, 57; 
Recent Advances in, L. F. Bates, 82, 
283,465; W. N. Bond, 667 
Pictures, at National Gallery, infra-red 
examination, 241; microscopical 
analysis, 241; ultra-violet analysis, 
240 ; X-ray examination, 238 
Pilocarpine, 259 ; action of, 263 
Pinus aylveHris in Sweden, 114 
Plano trees, age and distribution of, 
214 

Planetesimal hypothesis, 79 
Planets, atmospheres of, 278 ; evolution 
of, 77 ; nucleus and density, 78; 
temperature of, 281 
Plankton, distribution of, 693 
Plant distribution, age and area hypo¬ 
thesis, 195 : and soil reaction, 311 ; 
in Denmark, 113 

ecology, ill Iceland, 499 ; of pathways, 
500 

Migration Revealed by Fossils, A. C. 
Seward, 193 

Physiology, Itecent Advances in, W. 
Stiles, 313, 687 

virus, diseases caused by. 414, im¬ 
munity to, 417 ; Problem. Some 
Aspects of. K. M. Smith, 413 

vinisoB, interaction of, 417; move¬ 
ment in plant, 416; production of 
antibodies, 418; size of, 418; 
transmission, 416 

Plants, and selective grazing, 683; 
flowering of and temperature, 646 ; 
relation of vegetative and reproduc¬ 
tive phases, 644 ; stages of growth 
and development, 647; transpira¬ 
tion, aJid water tension, 689, and 
wind, 691 

Plasmoquin as on anti-malarial, 458 
PUUanwi, ago and distribution of, 214 
Platinum, configuration of valencies in 
quadrivalent, 473 
Plumage emd cestrone, 318 
Podsols and forest soils, 111 
Poland, ethnology of, 333 
Polished surface, nature of, 87 
Pollan anal 3 rBiB, 128 
Polyembiyony, 115 

Pol^mierisation and chain reactions, 481 
Polymers and polymerisation, 480; 
measurement of molecule weight of, 
487; X-ray determination of, 488 
Polystomwmt life liistory of, 691 
Portland cement, constitution and phase 
diagrams, 34; deoomj^sition by 
water and salts, 39; discovery of, 
32 ; heat evolved on hydration, 39; 
hydration of, 37 ; manufacture, 34; 
thin sections, 36 
Positron, discovery of, 17 
Poultry, dominance in, 696 
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Pozzolana cement, 31 
Prairie plants, root system of, 310 
Pre-Cambrian Geology of Egypt, G. W. 

Tyrrell (E$»ay Eeview), 140 
Prehistoric archceology, 703 
Priestley (J. H.), Sap Ascent in Trees, 42 
Pteridium ctquilinumt distribution and 
age of, 190 

Ptoridophytes, 612 ,* vascular system of, 
613 

Pyroxene, transformation of, 618 

Quartz crystals, wind from, 707 
Quinine as an anti-malarial, 457 

Races, variability of, 697 
Racial differentiation, 700 
Radiation, absorption by gases of 
atmosphere, 6 

Radioactivity, Artificial, S. Sugdon, 16; 
artificial, detection and measure¬ 
ment of, 18; produced by posi¬ 
tively charged particles, 19 
Radioelements, artificial, 22, 24; emit¬ 
ting electrons, 27 
Radio-sodium, 21, 26 
Rawlins (F. I. G.), Physical Laboratory 
at the National Gallery, 236 
Redwood trees, age and distribution of, 
200 

Reflexes, cmimal, 243 
Resistivity and plastic flow, 609 
Rhododendron, seed stnioture in, 601 
Rhodophycese, 113 
Ring forts in Ireland, 129 
Ringing experiments in trees, 42, 65 
Ro£^-transport noises, 393 
Rochelle salt, cr 3 r 8 tals, properties of, 
465; dielectric and piezoelectric 
properties of, 466 
Rock salt, strength of, 594 
Rocky mountain spotted fever, 338 
Root, absorption of water by, 687; 
development and sterility, 501; 
forming substance, 316; pressure 
and sag ascent, 43 

Salisbury (E. J.), Recent Advances in 
Botany, 113, 310, 499, 683 
Sap, Ascent in the Tree, J. H. Priestley, 
42 ; tensions in, 43 

Saporima, age and distribution of, 207 
Schmid’s law for ciystals, 598 
Soictdopitya, age and distribution of, 203 
Science in Baghdad in the Ninth Cen¬ 
tury, J. R. Partington (Eaaay Re- 
view), 718 

Scorpion-flies, evolution of, 116 
Seaweeds, economic, 115 
Seed, vernalisation of, 648 
Semi-conductor, electrical properties of, 
82 

Sequoia, age and distribution of, 200 


Seward (A* C.). Plant Migration revealed 
by Fossils, 193 

Single crystal, ws under Crystal 
Smethurst (P. C.)» Photography, Direct 
Reversal Process, 434 
Smith (K. M.). Some Aspects of the 
Plant Virus Problem, 413 
Sodium, disintegration of, 21, 26 
Soil, and climate, 682 ; carbon dioxide, 
112 ; classification, 680 ; C/N ratio, 
111; colloids, 682; genetic inter¬ 
pretation of, 681 ; micro-organisms 
in Malaya, 112; phosphorus, 112; 
water and soil structure, 110 
Solar constant, variation of, 666; 

system, evolution of, 77 
Solder, 626 

Solid State of Matter, J. D. Bernal 
{Eamy Review), 546 
Solonetz, 680 

Sound, absorption by air, 386; and 
Noise, G. W, 0. Kaye, 386, measure¬ 
ment of, 387 ; audibility of, 3 ; in¬ 
tensity, measurement of, 387 ; spec¬ 
trum of 388 

South Africa, early man in, 126 
Sperms, movement of, 693 
Sperrschicht cell, 86 
Stamolite, genesis of, 625 
St.ellar magnitude, 462 ; parallaxes, 460 
Steric factor of polymerisation, 480 
Stiles (W.), Recent Advances in Plant 
Physiology, 313, 687 
Stnpes (Marie), classification of coal, 331 
Stratosphere, temperature of, 2, 6, by* 
balloon, 2, by sound waves, 5 
Straw, decomposition of lignin in, 444, 
449, 455 

Stream double refraction, 218, 221 
Structure in relation to size, 612 
Stylophthalmus, metamorphosis of, 693 
Styrene, polymerisation of, 486 
Sugden (S.), Artificial Radioactivity, 16 
Sunshine records in Great Britain, 132 
Sunspots and magnetic cycle, 282 
Symbiosis in insects, 119 
Symbols, Units and Nomenclature, 
G. W. O. Howe, 268 

Tactoids, 220 

Taylor’s theory of crystal glide, 604 
Telescope, 200 inch, 652; optical system 
of, 664 

Tellurium, electrical resistance of, 85 
Temperature, lowest, 137 
Thermal Unit, Standard, 208 
Thermocouple, chromel-alumel, 189 
Thomson (J. R.), Vernalisation, 644 
Thyraton, 59 

ThyreopUsrie elegane, age and distribu¬ 
tion of, 197 
Tiok-bite fever, 338 
Titanium oompotmds, uses of, 130 
Tobacco plant virus, 419 
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Todea, age and distribution of, 107 
Trachea, pressure in, 44, 47, 63 
Translocation in Plants, H. H. Dixon 
{Buscty Review), 725 
Transpiring shoot, auction foroe of, 45 
Trichoptera, 123 
Tropopauso, 1 

Troposphere, temperature of, 1,6 
Tr3rpsin, crystalline, 670 
Tuberculosis, inoculation for at Wit- 
watersrand, 334 
“ Tulip-breaking,” 414 
Tulip tree, €^e and distribution of, 208 
Typhtjs strains in Kuala Lumpur, 338 
lyirell (Q. W.), Pre-Cambrian Geology 
of Egypt {Essay Review), 140; 
Recent Advances in Geology, 104, 
302, 491, 672 

Uganda, early man in, 123 
Undation Theory of Earth^s Crust, 491, 
678 

Unimolecular reactions, 06 
Universe, age of, and meteorites, 79; 

number of particles in, 662 
Urease, crystalline, 670 
UlrictUtiria, embryo sac of, 114 

Vacuoles, regeneration of, 611 
Vanadium-pentoxide, double refraction, 
218, 226 

Variability and racial purity, 698 
Varved deposits, 67 
Vernalisation, J. R. Thomson, 644 
Vessel differentiation, and water move¬ 
ment, 48 ; in diffuse porous trees, 
54 ; in ring porous trees, 51 


Vinyl aoetate, polymerisation of, 483,490 
Virus, protein nature of, 668 ; chemical 
nature of, 667 ; nature of, 413, see 
also Plant Viruses 

Vitamins, composition and synthesis, 475 

Walton (A,), Recent Advances in Agri¬ 
cultural Physiology, 510 
Water Pollution Research Board, 711 
Watt (R. A. Watson), The Incalculable 
Atmosphere {Essay Review), 540 
Wheat, selection in, 115; vernalisation 
of, 650 

Wheeler (L. Richmond), Do Birds attack 
Butterflies 7, 272 
Wiedemann phosphors, 642 
Wires, strength and oxide films, 602 
WoUffia arrhiza, development of, 601 
Wood, decay in, 522 ; decomposition of 
lignin in, 450 
Wool, unshrinkable, 137 
Wright (E. Maitland), Recent Advances 
in Mathematics, 72 

Wrigley (R. W.), Recent Advances in 
Astronomy, 77, 278, 460, 062 

X-ray unit at National Gallery, 237, 239 

Zirconium compounds, use of, 131 
Zoology, Recent Advances in, G. R. de 
Beer and others, 317, W. Garstang 
and others, 691 ; General and ex¬ 
perimental, 317; Genetics, 324, 
696; Neurology, 320; Palason- 
l^logy, 695 

Zwicky’s theory of crysted 8tructiu*e, 603 
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